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Description 


The Atmel® | SMART™ SAM D11 is a series of low-power microcontrollers using the 32-bit 
ARM® Cortex®-M0+ processor, and ranging from 14- to 24-pins with 16KB Flash and 4KB of 
SRAM. The SAM D11 devices operate at a maximum frequency of 48MHz and reach 

2.46 Coremark/MHz. They are designed for simple and intuitive migration with identical 
peripheral modules, hex compatible code, identical linear address map and pin compatible 
migration paths between all devices in the product series. All devices include intelligent and 
flexible peripherals, Atmel Event System for inter-peripheral signaling, and support for capacitive 
touch button, slider and wheel user interfaces. The SAM D11 series is compatible to the other 
product series in the SAM D family, enabling easy migration to larger device with added features. 


The Atmel SAM D11 devices provide the following features: In-system programmable Flash, six- 
channel direct memory access (DMA) controller, 6 channel Event System, programmable 
interrupt controller, up to 22 programmable I/O pins, 32-bit real-time clock and calendar, two 16- 
bit Timer/Counters (TC) and one 24-bit Timer/Counter for Control (TCC), where each TC can be 
configured to perform frequency and waveform generation, accurate program execution timing or 
input capture with time and frequency measurement of digital signals. The TCs can operate in 8- 
or 16-bit mode, selected TCs can be cascaded to form a 32-bit TC, and one timer/counter has 
extended functions optimized for motor, lighting and other control applications. The series provide 
one full-speed crystal-less USB 2.0 device interface; up to three Serial Communication Modules 
(SERCOM) that each can be configured to act as an USART, UART, SPI, I?C up to 3.4MHz, 
SMBus, PMBus and LIN slave; up to 10-channel 350ksps 12-bit ADC with programmable gain 
and optional oversampling and decimation supporting up to 16-bit resolution, one 10-bit 350ksps 
DAC, two analog comparators with window mode, Peripheral Touch Controller supporting up to 
72 buttons, sliders, wheels and proximity sensing; programmable Watchdog Timer, brown-out 
detector and power-on reset and two-pin Serial Wire Debug (SWD) program and debug interface. 


All devices have accurate and low-power external and internal oscillators. All oscillators can be 
used as a source for the system clock. Different clock domains can be independently configured 
to run at different frequencies, enabling power saving by running each peripheral at its optimal 
clock frequency, and thus maintaining a high CPU frequency while reducing power consumption. 


The SAM D11 devices have two software-selectable sleep modes, idle and standby. In idle mode 
the CPU is stopped while all other functions can be kept running. In standby all clocks and 
functions are stopped expect those selected to continue running. The device supports 
SleepWalking. This feature allows the peripheral to wake up from sleep based on predefined 
conditions, and thus allows the CPU to wake up only when needed, e.g. when a threshold is 
crossed or a result is ready. The Event System supports synchronous and asynchronous events, 
allowing peripherals to receive, react to and send events even in standby mode. 


The Flash program memory can be reprogrammed in-system through the SWD interface. The 
same interface can be used for non-intrusive on-chip debug and trace of application code. A boot 
loader running in the device can use any communication interface to download and upgrade the 
application program in the Flash memory. 

The Atmel SAM D11 devices are supported with a full suite of program and system development 
tools, including C compilers, macro assemblers, program debugger/simulators, programmers and 
evaluation kits. 
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Features 


@ Processor 
@ ARM Cortex-M0+ CPU running at up to 48MHz 
@ Single-cycle hardware multiplier 
e@ Micro Trace Buffer 
@ Memories 
@ 16KB in-system self-programmable Flash 
e@ 4KB SRAM Memory 
® System 
e@ Power-on reset (POR) and brown-out detection (BOD) 
@ Internal and external clock options with 48MHz Digital Frequency Locked Loop (DFLL48M) and 48MHz to 96MHz Fractional 
Digital Phase Locked Loop (FDPLL96M) 
External Interrupt Controller (EIC) 
8 external interrupts 
One non-maskable interrupt 
@ Two-pin Serial Wire Debug (SWD) programming, test and debugging interface 
@ Low Power 
@ Idle and standby sleep modes 
@ SleepWalking peripherals 
@ Peripherals 
@ 6-channel Direct Memory Access Controller (DMAC) 
@ 6-channel Event System 
@ Two 16-bit Timer/Counters (TC), configurable as either: 
@ One 16-bit TC with compare/capture channels 
@ One 8-bit TC with compare/capture channels 
@ One 32-bit TC with compare/capture channels, by using two TCs 
@ One 24-bit Timer/Counters for Control (TCC), with extended functions: 
@ Up to four compare channels with optional complementary output 
@ Generation of synchronized pulse width modulation (PWM) pattern across port pins 
@ Deterministic fault protection, fast decay and configurable dead-time between complementary output 
e@ Dithering that increase resolution with up to 5 bit and reduce quantization error 
32-bit Real Time Counter (RTC) with clock/calendar function 
Watchdog Timer (WDT) 
CRC-32 generator 
One full-speed (12Mbps) Universal Serial Bus (USB) 2.0 interface 
@ Embedded device function 
e Eight endpoints 
@ Can run from internal RC oscillator 
e@ Up to three Serial Communication Interfaces (SERCOM), each configurable to operate as either: 
e@ USART with full-duplex and single-wire half-duplex configuration 
e |?C Bus up to 3.4MHz 
SMBUS/PMBUS 
SPI 
e LIN slave 
@ 12-bit, 350ksps Analog-to-Digital Converter (ADC) with up to 10 channels 
e Differential and single-ended input 
e@ 1/2x to 16x programmable gain stage 
e Automatic offset and gain error compensation 
@ Oversampling and decimation in hardware to support 13-, 14-, 15- or 16-bit resolution 
@ 10-bit, 350ksps Digital-to-Analog Converter (DAC) 
@ Two Analog Comparators (AC) with window compare function 
@ Peripheral Touch Controller (PTC) 
e@ Up to 72-channel capacitive touch and proximity sensing 


e 1/0 

@ Up to 22 programmable I/O pins 
@ Packages 

@ 24-pin QFN 

@ 20-pin SOIC 

e@ 20-ball WLCSP 

e@ 14-pin SOIC 
@ Operating Voltage 

@ 1.62V —-3.63V 
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1. Configuration Summary 


Table 1-1. Configuration Summary 


SAM D11D — 20-pin SOIC / 

































































SAM D11D — 24-pin QFN WLCSP SAM D11C —- 14-pin SOIC 
Pins 24 20 14 
General Purpose I/O-pins (GPIOs) 22 18 12 
Flash 16KB 16KB 16KB 
SRAM 4KB 4KB 4KB 
Timer Counter (TC) 2 2 2°) 
Waveform output channels for TC 2 2 2 
Timer Counter for Control (TCC) 1 1 1 
Waveform output channels per TCC 8 8 8 
DMA channels 6 6 6 
USB interface 1 1 1 
Serial Communication Interface 3 3 2 
(SERCOM) 
Analog-to-Digital Converter (ADC) 
channels ip : 2 
Analog Comparators (AC) 2 2 2 
Digital-to-Analog Converter (DAC) 1 1 7 
channels 
Real-Time Counter (RTC) Yes Yes Yes 
RTC alarms 1 1 1 
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Table 1-1. 


Configuration Summary (Continued) 


SAM D11D — 24-pin QFN 


SAM D11D — 20-pin SOIC / 


WLCSP 





SAM D11C — 14-pin SOIC 
























































RIC con bare vallies 1 32-bit value or 1 32-bit value or 1 32-bit value or 
e 2 16-bit values 2 16-bit values 2 16-bit values 
External Interrupt lines 8 8 8 
Peripheral Touch Controller (PTC) 
channels (X- x Y-lines) for mutual 72 (9x8) 42 (7x6) 12 (4x3) 
capacitance” 
Peripheral Touch Controller (PTC) 
channels for self capacitance (Y- 16 13 7 
lines only)? 
Maximum CPU frequency 48MHz 48MHz 48MHz 
Packages QFN SOIC / WLCSP SOIC 
32.768kHz crystal oscillator (XOSC32k) 
0.4-32MHz crystal oscillator (KOSC) 
32.768kHzinternal oscillator (OSC32k) 
Oscillators 32kHz ultra-low-power internal oscillator (OQSCULP32K) 
8MHz high-accuracy internal oscillator (OSC8M) 
48MHz Digital Frequency Locked Loop (DFLL48M) 
96MHz Fractional Digital Phased Locked Loop (FDPLL96M) 
Event System channels 6 6 6 
SW Debug Interface Yes Yes Yes 
Watchdog Timer (WDT) Yes Yes Yes 
Notes: 1. The number of X- and Y-lines depends on the configuration of the device, as some I/O lines can be configured as either X-lines or Y-lines. 


Refer to “I/O Multiplexing and Considerations” on page 13 for details. The number in the “Configuration Summary” on page 3 is the maximum 
number of channels that can be obtained. 


2. | The number of Y-lines depends on the configuration of the device, as some I/O lines can be configured as either X-lines or Y-lines. The number 
given here is the maximum number of Y-lines that can be obtained. 


3. The signals for TC2 are not routed out on the 14-pin package. 
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2. Ordering Information 


SAMD 11 C 144A - 


MU T 
rT 
Product Family Package Carrier 








SAMD = General Purpose Microcontroller No character = Tray (Default) 
Product Series Tetapeand Be! 
11 = Cortex M0+ DMA, USB Package Grade 


Pin Count U = -40 - 85°C Matte Sn Plating 
N = -40 - 105 C Matte Sn Plating 




















C= 14 pins 
D = 20/24 pins 
Package Type 
Flash Memory Density _ M = QFN 
14 = 16KB SS = SOIC 
U=WLCSP 


Device Variant 
A = Default Variant 





2.1. SAM D11C —- 14-pin SOIC 








olicol=Valare mexeye(=) FLASH (bytes) SRAM (bytes) Package Carrier Type 
ATSAMD11C14A-SSUT | 16K 4K SOIC14 Tape & Reel 
ATSAMD11C14A-SSNT | 16K 4K SOIC14 Tape & Reel | 





2.2 SAM D11D —- 20-pin SOIC 








olicol=Valare mexeye(=) FLASH (bytes) SRAM (bytes) Package Carrier Type 
ATSAMD11D14A-SSUT 16K 4K SOIC20 Tape & Reel 
ATSAMD11D14A-SSNT 16K 4K SOIC20 Tape & Reel 








2.3. SAM D11D — 20-ball WLCSP 








olicol=Valare mexeye(=) FLASH (bytes) SRAM (bytes) Package OFT (=) AV o1-) 
ATSAMD11D14A-UUT 16K 4K WLCSP20 Tape & Reel 
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2.4 SAM D11D —- 24-pin QFN 





olicol=Valare mexeye (=) FLASH (bytes) SRAM (bytes) Package Carrier Type 


ATSAMD11D14A-MUT | 16K 4K QFN24 Tape & Reel 




















ATSAMD11D14A-MNT | 16K 4K QFN24 Tape & Reel 





2.5 Device Identification 


The DSU - Device Service Unit peripheral provides the Device Selection bits in the Device Identification register 
(DID.DEVSEL) in order to identify the device by software. The device variants have a reset value of DID=0x1001drxx, 
with the LSB identifying the die number ('d’), the die revision (‘r') and the device selection (‘xx’). 


Table 2-1. Device Identification Values 




















Device Variant 1D) |B) =AYA=) =i DY -\V4(ex- m9 | BJ (B)|B)) 
SAMD11D14AM 0x00 0x10030r00 
Reserved 0x01 - 0x02 

SAMD11D14ASS 0x03 0x10030r03 
Reserved 0x04 - 0x05 

SAMD11C14A 0x06 0x10030r06 
Reserved 0x07 - 0x08 

SAMD11D14AU 0x09 0x10030r09 

















Note: The device variant (last letter of the ordering number) is independent of the die revision (DSU.DID.REVISION): The device variant denotes functional 
differences, whereas the die revision marks evolution of the die. The device variant denotes functional differences, whereas the die revision marks 
evolution of the die 
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3. BI 


Notes: 1. 
2: 


Atmel 


ock Diagram 
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Some products have different number of SERCOM instances, PTC signals and ADC signals. 


The number of PTC X- and Y-lines depend on the configuration of the device, as some I/O lines can be configured as either X-lines or Y-lines. Refer to “!/O Mul- 


tiplexing and Considerations” on page 13 for details. 


Atmel | SMART SAM D11 [DATASHEET] 


Atmel-42363H-SAM-D11-Datasheet_09/2016 











16 KB 4KB 
CORTEX-M0+ NVM RAM 
PROCESSOR 7 
Fmax 48 MHz SRAM 
SONTROEER CONTROLLER 
Cache 
M M M 
HIGH SPEED DMA 
BUS MATRIX 








USB FS 
DEVICE 








< PP, 


DM 





SOF 1KHZ 
| 








AIN(9...0] 





VREFA 





VREFB 





AIN[3..0] 





VOUT 





VREFA 





x{10] 





Y[5..0] 





X{9..0] / ¥[15..6]'°) 








PORT 











4. Pinout 


4.1. SAMD11C 14-pin SOIC 





=== DIGITAL PIN 
= ANALOG PIN 
== OSCILLATOR 
m= ~=GROUND 

== INPUT SUPPLY 
== RESET/GPIO PIN 


4.2 SAMD11D 20-pin SOIC 


Atmel 


PAOS 
PAO6 
PAO7 
PAO8 
PAO9 
PA14 
PA15 
PA16 
PA22 


PA23 


DIGITAL PIN 
ANALOG PIN 
OSCILLATOR 
GROUND 


INPUT SUPPLY 
RESET/GPIO PIN 


aan 





PA04 

PAO2 
VDDIosIN/ANA 
GND 


PA25 
PA24 
PA31 


PAO4 


PAO3 
PAO2 


VDDioinana 
GND 


PA24 
PA31 


PA30 


PA28/RST 
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4.3. SAM D11D 20-ball WLCSP 
A B C D E 





DIGITAL PIN 

ANALOG PIN 

OSCILLATOR 

GROUND 

INPUT SUPPLY 

REGULATED OUTPUT SUPPLY 
RESET PIN 


DUVET 
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4.4 SAM D11D 24-pin QFN 


Atmel 


ITU 


< 

Zz 

< 

Zz 
SnAnMoxt+r OD 
QO cD 
aAQanNM 
Zaaqacc 
COmaanon 


PAO2 

PAO3 PA27 

PAO4 PA23 

PAO5 PA22 

PAOG PA17 
PA16 


PAO7 





ee) 

icolmey) 
o0 
ic 
od 


Se 
alae 
DIGITAL PIN aoa 
ANALOG PIN 
OSCILLATOR 
GROUND 
INPUT SUPPLY 
RESET/GPIO PIN 





PA28/RST 
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5. Signal Descriptions List 


The following table gives details on signal names classified by peripheral. 

























































































Table 5-1. Signal Descriptions List 
Signal Name Function Type Active Level 
Analog Comparators - AC 
AIN[3:0] AC Analog Inputs Analog 
CMP[1:0] AC Comparator Outputs Digital 
Analog Digital Converter - ADC 
AIN[19:0] ADC Analog Inputs Analog 
VREFA ADC Voltage External Reference A Analog 
VREFB ADC Voltage External Reference B Analog 
Digital Analog Converter - DAC 
VOUT DAC Voltage output Analog 
VREFA DAC Voltage External Reference A Analog 
External Interrupt Controller 
EXTINT[7:0] External Interrupts Input 
NMI External Non-Maskable Interrupt Input 
Generic Clock Generator - GCLK 
GCLK_IO[5:0] Generic Clock (source clock or generic clock generator output) V0 
Power Manager - PM 
RESET Reset Input Low 
Serial Communication Interface - SERCOMx 
PAD[3:0] SERCOM I/O Pads 0 
System Control - SYSCTRL 
XIN Crystal Input Analog/ Digital 
XIN32 32kHz Crystal Input Analog/ Digital 
XOUT Crystal Output Analog 
XOUT32 32kHz Crystal Output Analog 
Timer Counter - TCx 
WO[1:0] Waveform Outputs Output 
Timer Counter - TCCx 
WO[1:0] Waveform Outputs Output 
Peripheral Touch Controller - PTC 
X[15:0] PTC Input Analog 
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Table 5-1. Signal Descriptions List (Continued) 


Signal Name Function Active Level 





Y[15:0] PTC Input Analog 





General Purpose I/O - PORT 




















PA25 - PAOO Parallel |/O Controller I/O Port A 0 
PA28 - PA27 Parallel 1/O Controller I/O Port A 0 
PA31 - PA30 Parallel 1/O Controller I/O Port A /0 
PB17 - PBOO Parallel I/O Controller I/O Port B 0 
PB23 - PB22 Parallel I/O Controller I/O Port B V/0 
PB31 - PB30 Parallel I/O Controller I/O Port B /0 





Universal Serial Bus - USB 





























DP DP for USB 1/0 
DM DM for USB 1/0 
SOF 1kHz USB Start of Frame 1/0 
Atmel | SMART SAM D11 [DATASHEET 
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6.1 


I/O Multiplexing and Considerations 


Multiplexed Signals 


Each pin is by default controlled by the PORT as a general purpose I/O and alternatively it can be assigned to one of the peripheral functions A, B, C, 
D,E,F, Gor H. To enable a peripheral function on a pin, the Peripheral Multiplexer Enable bit in the Pin Configuration register corresponding to that pin 
(PINCFGn.PMUXEN, n = 0-31) in the PORT must be written to one. The selection of peripheral function A to H is done by writing to the Peripheral 
Multiplexing Odd and Even bits in the Peripheral Multiplexing register (PMUXn.PMUXE/O) in the PORT. 


Table 5-1 on page 11 describes the peripheral signals multiplexed to the PORT I/O pins. 


Table 6-1. PORT Function Multiplexing 













































































Pin 
YAN DB) 
SAMD11C, 20-pin SAMD11D 
14-pin SOIC/ 24-pin SERCOM- 
tT 0] (63 WLCSP QFN VO Pin| Supply | Type [=i[es SERCOM ALT TC/TCC 
13 18/A1 1 PAO2 VDD EXTINT[2] AIN(O] Y[0]_ | VOUT | 
19/ A2 2 PAO3. «VDD EXTINTI3] Dacweeea AIN(] YA 
14 20/A3 3 PAO4. | VDD —EXTINT[4] ADCIVREFB AIN[2] AIN[O] — Y[2] oon “eG | TC1/WO}0] ee 
i dlp ies eae peeeiica [a aa a titaedl SS ah L Se} eat [i cites Mears roe 
1 1/B2 4 PAOS = VDD EXTINT[5] AIN[3] AIN(] —Y[3I te ee ie TC1/WOf1] Won 
SERCOM0/ SERCOMO/ TCCO/ 
2/4 5 PAO6 = VDD _ EXTINT[6] AINI4] AIN(2]— Y{4] aan Bree; | WSO) | ree 
3/B3 6 PAO7 | VDD EXTINT[7] AIN[I5] AIN[3]—-Y[5] oo EL TC2/WO[1] nO 
} } | r | : } ] 
SERCOM1/ SERCOMO/ TCCO/ | 
2 4/B4 7 PAS VDD _ EXTINT(6] ‘TCCOWOL2] GCLK_10[0] 
| PAD[2] PAD[2] wo] 
3 5/C4 8 PAOQ «VDD EXTINT{7] each occ TCCOWOT3] ree) GCLK_IO[1] 
SERCOM0/. SERCOM2/ TCCO/ | 
9 PA10. «VDD | EXTINT[2] AIN[8] CMP[0] X[2\/Y[3] ee pape] TC2MO11 Wop) GCLK_10(4] 
10 PA11. “VDD EXTINT[3] AIN[9] CMP[1] X[3//Y[9] Se eee TC2/WOf1] Wea GCLK_10[5] 
] ] | 
4 6/D4 1 PA14. VDD. PC NMI AIN[6] CMP[0] x[oy/Y{6] ea a _TC1WO[] Peal GCLK_l0[4] 
5 7/E4 12 PA15. VDD PC EXTINT[1] AIN[7] CMP[4] X{1VY(7] ace a TC1/WO[1] or GCLK_IO[5] 
[ | ;  SERCOM1/ | SERCOM2/ | TCCO/ 
8/03 13 PA16é VDD EXTINT[0] X[4)/Y[10] _ TC1/WOJO} GCLK_10[2] 
| PAD[2] PAD[2] WoOf6] | 
14 PA17 «VDD EXTINT[1] X[5VV 111] a a TC1/WOf1] Ren GCLK_10[3] 
9/E3 15 PA22. VDD (PC EXTINT(6] X[6V[12] eee Sane TC1/WOI0] Won GCLK_IO[1] 
| | 
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Table 6-1. PORT Function Multiplexing (Continued) 
















































































Pin 
SAMD11D 
SAMD11C 20-pin SAMD11D 
14-pin ye) (07) 24-pin SERCOM- 
=} 0) [03 WLCSP QFN VO Pin| Supply | Type EIC SERCOM ALT TC/TCC TCC 
2 SERCOM1/ SERCOM2/ TCCO/ USB/SOF 
10/D3 16 PA23 VDD FC  EXTINT[7] X(7)/Y[13] PAD[1] PAD[1] TC1/WOf1] WwoOf5] 1kHz GCLK_IO[2] 
17 PA27 VDD EXTINT[7] X(10] | GCLK_IO[0] 
6 q1PEZ 18 PA28 VDD 
CORTEX. 
SERCOM1/ | SERCOM1/ TCCO/ = 
vA 12/D2 19 PA30 VDD EXTINT[2] PAD[0] PAD[2] TC2/WO[0] wo] MOP/ GCLK_IO[0] 
SWCLK 
SERCOM1/ SERCOM1/ TCCO/ (2) GCLK_IO[0] 
8 TSE 20 PA31 VDD EXTINT[3] PAD[1] PAD[3] TC2/WO[1] WOJ3] SWDIO 
@) SERCOM1/ | SERCOM2/ TCCO/ GCLK_lO[0] 
9 14/D1 21 PA24 VDD EXTINT[4] X(8]/Y[14] PAD[2] PADI2] TCCO/WO[2] WO/4] USB/DM 
(3) SERCOM1/ SERCOM2/ GCLK_IO[0] 
10 15/C1 22 PA25 VDD EXTINT[5] X[9/Y[15] PADI3] PADI3] TCCO/WO[3] USB/DP 
Notes: 1. Refer to “Electrical Characteristics” on page 858 for details on the I?C pin characteristics.Only some pins can be used in SERCOM IC mode. See the Type column for using a SERCOM pin in I7C mode 


2. This function is only activated in the presence of a debugger. 
3. If the PA24 and PA25 pins are not connected, it is recommended to enable a pull-up on PA24 and PA25 through input GPIO mode. The aim is to avoid an eventually extract power consumption (<i1mA) 
due to a not stable level on pad. 
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6.2 Other Functions 


6.2.1 Oscillator Pinout 


The oscillators are not mapped to the normal PORT functions and their multiplexing are controlled by registers in the 
System Controller (SYSCTRL). 























Oscillator Supply Signal VO Pin 
XIN PAO8 
XOSC VDDIO/IN/ANA — 
XOUT PAO9 
XIN32 PAO8 
XOSC32K VDDIO/IN/ANA 
XOUT32 PAO9 








6.2.2 Serial Wire Debug Interface Pinout 


Only the SWCLK pin is mapped to the normal PORT functions. A debugger cold-plugging or hot-plugging detection 
will automatically switch the SWDIO port to the SWDIO function. 





Signal Supply VO Pin 
| SWCLK | VDDIO | PA30 | 
| SWDIO | VDDIO | PA31 | 
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7. | Power Supply and Start-Up Considerations 


7.1 Power Domain Overview 


PA[7:2] 


7.2 Power Supply Considerations 


7.2.1. Power Supplies 
The Atmel® SAMD11 has single power supply pins 


GND 











AC 








DAC 








PTC 








XOSC32K 








OSC32K 











OSCULP32K 

















VDDIO/IN/ANA 





Digital Logic 
(CPU, peripherals) 








DFLL48M 











FDPLL96M 











PA[15:10] 
PA[9:8] 
PA[31:16] 


e VDDionnana: Powers I/O lines, OSC8M and XOSC, the internal regulator, ADC, AC, DAC, PTC, OSCULP32K, 


OSC32K, XOSC32K. Voltage is 1.62V to 3.63V. 


e Internal regulated voltage output. Powers the core, memories, peripherals, DFLL48M and FDPLL96M. Voltage 


is 1.2V. 
The ground pin is GND. 


7.2.2 Voltage Regulator 


The voltage regulator has two different modes: 


e Normal mode: To be used when the CPU and peripherals are running 


Atmel 
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e Low Power (LP) mode: To be used when the regulator draws small static current. It can be used in standby 





mode 
7.2.3. Typical Powering Schematics 
The SAM D11 uses a single supply from 1.62V to 3.63V. 
The following figure shows the recommended power supply connection. 
Figure 7-1. Power Supply Connection 
Main Supply 
(1.62V — 3.63V) 
7.2.4 Power-Up Sequence 
7.2.4.1 Minimum Rise Rate 
The integrated power-on reset (POR) circuitry monitoring the VDDIO/IN/ANA power supply requires a minimum rise 
rate. Refer to the “Electrical Characteristics” on page 858 for details. 
7.2.4.2 Maximum Rise Rate 
The rise rate of the power supply must not exceed the values described in Electrical Characteristics. Refer to the 
“Electrical Characteristics” on page 858 for details. 
7.3. Power-Up 
This section summarizes the power-up sequence of the SAM D11. The behavior after power-up is controlled by the 
Power Manager. Refer to “PIM — Power Manager” on page 110 for details. 
7.3.1 Starting of Clocks 
After power-up, the device is set to its initial state and kept in reset, until the power has stabilized throughout the 
device. Once the power has stabilized, the device will use a 1MHz clock. This clock is derived from the 8MHz Internal 
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7.3.2 


7.3.3 


7.4 


7.4.1 


7.4.2 


7.4.3 


Oscillator (OQSC8M), which is divided by eight and used as a clock source for generic clock generator 0. Generic clock 
generator 0 is the main clock for the Power Manager (PM). 


Some synchronous system clocks are active, allowing software execution. 


Refer to the “Clock Mask Register” section in “PM — Power Manager’ on page 110 for the list of default peripheral 
clocks running. Synchronous system clocks that are running are by default not divided and receive a 1MHz clock 
through generic clock generator 0. Other generic clocks are disabled except GCLK_WDT, which is used by the 
Watchdog Timer (WDT). 


1/0 Pins 


After power-up, the I/O pins are tri-stated. 


Fetching of Initial Instructions 


After reset has been released, the CPU starts fetching PC and SP values from the reset address, which is 
0x00000000. This address points to the first executable address in the internal flash. The code read from the internal 
flash is free to configure the clock system and clock sources. Refer to “PIM — Power Manager’ on page 110, “GCLK — 
Generic Clock Controller” on page 88 and “SYSCTRL — System Controller’ on page 143 for details. Refer to the ARM 
Architecture Reference Manual for more information on CPU startup (http://www.arm.com). 


Power-On Reset and Brown-Out Detector 


The SAM D11 embeds three features to monitor, warn and/or reset the device: 
e POR: Power-on reset on VDDIO/IN/ANA 
e BOD33: Brown-out detector 


e BOD12: Voltage Regulator Internal Brown-out detector on VDDCORE. The Voltage Regulator Internal BOD is 
calibrated in production and its calibration configuration is stored in the NVM User Row. This configuration 
should not be changed if the user row is written to assure the correct behavior of the BOD12. 


Power-On Reset on VDDIO/IN/ANA 

POR monitors VDDIO/IN/ANA. It is always activated and monitors voltage at startup and also during all the sleep 
modes. If VDDIO/IN/ANA goes below the threshold voltage, the entire chip is reset. 

Brown-Out Detector 

BOD33 monitors 3.3V. Refer to “SYSCTRL — System Controller” on page 143 for details. 


Brown-Out Detector on VDDCORE 
Once the device has started up, BOD12 monitors the internal VDDCORE. 
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8. Product Mapping 


Figure 8-1. 


Atmel D11 Product Mapping 


Global Memory Space 


0x00000000 


0x20000000 | 


0x20001000 


0x40000000 


Undefined 








0x43000000 

Reserved 
0x60000000 

Undefined 
0x60000200 

Reserved 
OxFFFFFFFFI 








AHB-APB Bridge A 











0x40000000 
PACO 
0x40000400 
PM 
0x40000800 
SYSCTRL 
0x40000C00 
GCLK 
0x40001000 
WDT 
0x40001400 
RTC 
0x40001800 
EIC 
0x40001C00 
Reserved 
Ox40FFFFFF 








Atmel 


“Ss. 0x20001000 | 


Code 






0x00004000 


Reserved 





“Ox FFFFFFF 


0x20000000’) 





AHB-APB 


0x40000000 } 






AHB-APB 
Bridge A 


0x41000000 


0x42000000 
0x42FFFFFF 

AHB-APB Bridge B 
0x41000000 
0x41002000 
0x41004000 
0x41004400 
0x41004800 


0x41005000 


0x41006000 


0x41004700 
Reserved 
0x41 FFFFFF 





AHB-APB Bridge C 


0x42000000 
0x42000400 
0x42000800 
0x42000C00 
0x42001000 
0x42001400 
0x42001800 
0x42001C00 
0x42002000 
0x42002400 
0x42002800 


0x42002C00 





0x42003000 


Reserved 
Ox40FFFFFF 
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9. Memories 


9.1 Embedded Memories 


e Internal high-speed flash 
e Internal high-speed RAM, single-cycle access at full speed 
e Dedicated flash area for EEPROM emulation 


9.2 Physical Memory Map 


The High-Speed bus is implemented as a bus matrix. All High-Speed bus addresses are fixed, and they are never 
remapped in any way, even during boot. The 32-bit physical address space is mapped as follow: 


Table 9-1. SAM D11 physical memory map 





Size 
Memory Start address SAMD11x14 
Embedded Flash 0x00000000 16Kbytes 
Embedded SRAM 0x20000000 4Kbytes 





Peripheral Bridge A 0x40000000 64Kbytes 
Peripheral Bridge B 0x41000000 64Kbytes 
Peripheral Bridge C 0x42000000 64Kbytes 























Table 9-2. Flash memory parameters 


Device Flash size (FLASH_PM) Number of pages (FLASH_P) Page size (FLASH_W) 





SAMD11x14 16Kbytes 256 64 bytes 





Note: 1.x=C,D 


9.3. NVM Calibration and Auxiliary Space 


The device calibration data are stored in different sections of the NVM calibration and auxiliary space presented in the 
following figure. 
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Figure 9-1. Calibration and Auxiliary space 








0x00806040 AUX1 
Calibration and / 
auxiliary space Area 4: Software 
0x00800000 rf calibration area (256bits) 
NVM base address + / 
\ x00800000 
0x00866020 Area 4 offset address 
NVM bade address / Area 3: Reserved 
\s NVMsize 7 Cizentts) 
\ 000806010 = Area 3 offset address 
! \ é 
NVM main address \ «00806008 area (64 bits) ee eee 
ace 
: \ / 
\ \ / 0x00806000 Area 1 address offset 
0x00000000 NVM Bake Address\\ / vA 
\ ae 
/ oy 
\ yw 


\ AUX1 7 
0x00806000 — AUX1 offset address 
\ AUX0 — NVM User 
Ro 
ox008d4000 abd AUX0 offset address 


Automatic calibration 





0x00800000 row Calibration and auxiliary 
space address offset 


The values from the automatic calibration row is loaded into their respective registers on startup. 
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NVM User Row Mapping 


The NVM User Row contains calibration data that are automatically read at device power on. 
The NVM User Row can be read at address 0x804000. 


To write the NVM User Row refer to “NVMCTRL — Non-Volatile Memory Controller” on page 355. 


Note that when writing to the user row the values do not get loaded by the other modules on the device until a device 
reset occurs. 

























































































Table 9-3. NVM User Row Mapping 
Bit Position | Name UEF-YeT=) Production setting 
: Used to select one of eight different bootloader sizes. Refer to 
2) BOCIPROE “NVMCTRL — Non-Volatile Memory Controller’ on page 355. i 
3 Reserved 1 
6:4 EEPROM Used to select one of eight different EEPROM sizes. Refer to 7 
: “NVMCTRL — Non-Volatile Memory Controller’ on page 355. 
if Reserved 1 
13:8 BOD33 Level BOD33 Threshold Level at power on. Refer to SYSCTRL.BOD33 7 
register. 
14 BOD33 Enable BOD33 Enable at power on. Refer to SYSCTRL.BOD33 register. 1 
16:15 BOD33 Action BOD33 Action at power on. Refer to SYSCTRL.BOD33 register. 1 
: Voltage Regulator Internal BOD(BOD12) configuration. These bits are 
2a? EINES written in production and must not be changed. Default value = 0x70. oe 
25 WDT Enable WDT Enable at power on. Refer to WDT.CTRL register. 0 
26 WDT Always-On WDT Always-On at power on. Refer to WDT.CTRL register. 0 
30:27 WDT Period WDT Period at power on. Refer to WDT.CONF'IG register. OxB 
; ; WDT Window mode time-out at power on. Refer to WDT.CONFIG 
ot) WEE vino register. Default value, WINDOW_1 = 0x5 Og 
y WDT Early Warning Interrupt Time Offset at power on. Refer to 
38:35 WDT EWOFFSET WDT.EWCTRL register. OxB 
39 WDT WEN WDT Timer Window Mode Enable at power on. Refer to WDT.CTRL 0 
register. 
40 BOD33 BOD33 Hysteresis configuration at power on. Refer to 0 
Hysteresis SYSCTRL.BOD33 register. 
Voltage Regulator Internal BOD(BOD12) configuration. This bit is written 
41 Reserved : : an 0 
in production and must not be changed. Default value = 0. 
47:42 Reserved Ox3F 
: NVM Region Lock Bits. Refer to “NVMCTRL — Non-Volatile Memory 
poss FOr Controller’ on page 355. EE 
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9.5 NVM Software Calibration Row Mapping 


The NVM Software Calibration Row contains calibration data that are measured and written during production test. 
These calibration values should be read by the application software and written back to the corresponding register. 


The NVM Software Calibration Row can be read at address 0x806020. 


The NVM Software Calibration Row can not be written. 


















































Table 9-4. NVM Software Calibration Row Mapping 
Bit Position Name Description 
2:0 Reserved 
14:3 Reserved 
26:15 } Reserved — =| a 
34:27 ADC LINEARITY ADC Linearity Calibration. Should be written to CALIB register. 
37:35 | ADC BIASCAL ADC Bias Calibration. Should be written to CALIB register. 
44:38 OSC32K CAL OSC32KCalibration. Should be written to OSC32K register. 
49:45 USB TRANSN ee toe calibration value. Should be written to the USB PADCAL 
54:50 USB TRANSP eae ie calibration value. Should be written to the USB PADCAL 
57:55 USB TRIM USB TRIM calibration value. Should be written to the USB PADCAL register. 
63:58 DFLL48M COARSE CAL Beava ie a0 aa value. Should be written to the SYSCTRL 
13:64 Reserved 

| 127-74 Reserved 

9.6 Serial Number 

Each device has a unique 128-bit serial number which is a concatenation of four 32-bit words contained at the 

following addresses: 

Word 0: 0x0080A00C 

Word 1: 0x0080A040 

Word 2: 0x0080A044 

Word 3: 0x0080A048 

The uniqueness of the serial number is guaranteed only when using all 128 bits. 
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10. Processor And Architecture 


10.1 Cortex M0+ Processor 


The Atmel SAM D11 implements the ARM® Cortex™-MO0+ processor, based on the ARMV6 Architecture and Thumb®- 
2 ISA. The Cortex MO+ is 100% instruction set compatible with its predecessor, the Cortex-M0 core, and upward 
compatible to Cortex-M3 and M4 cores. The ARM Cortex-M0+ implemented is revision rOp1. For more information 
refer to www.arm.com. 


10.1.1 Cortex M0+ Configuration 


Table 10-1. Cortex M0+ Configuration 

















Features oXey nlite [Ule-le)(-Me) eliCoya) Atmel SAM D11 configuration 
Interrupts External interrupts 0-32 32 

Data endianness Little-endian or big-endian Little-endian 

SysTick timer Present or absent Present 

Number of watchpoint comparators 0,1,2 2 

Number of breakpoint comparators 0,1, 2, 3,4 4 

Halting debug support Present or absent Present 

















Multiplier Fast or small Fast (single cycle) 
Single-cycle I/O port Present or absent Present 

Wake-up interrupt controller Supported or not supported Not supported 
Vector Table Offset Register Present or absent Present 
Unprivileged/Privileged support Present or absent Absent’) 





Memory Protection Unit 


Not present or 8-region 


Not present 





Reset all registers 


Present or absent 


Absent 





Instruction fetch width 








16-bit only or mostly 32-bit 





32-bit 





Note: 1. All software run in privileged mode only. 


The ARM Cortex-M0+ core has two bus interfaces: 


e Single 32-bit AMBA-3 AHB-Lite system interface that provides connections to peripherals and all system 


memory, which includes flash and RAM 
e Single 32-bit I/O port bus interfacing to the PORT with 1-cycle loads and stores 


10.1.2 Cortex-M0+ Peripherals 


e System Control Space (SCS) 


e The processor provides debug through registers in the SCS. Refer to the Cortex-M0+ Technical 


Reference Manual for details (www.arm.com). 


e System Timer (SysTick) 
e The System Timer is a 24-bit timer that extends the functionality of both the processor and the NVIC. 


Refer to the Cortex-M0+ Technical Reference Manual for details (www.arm.com). 
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e Nested Vectored Interrupt Controller (NVIC) 

e External interrupt signals connect to the NVIC, and the NVIC prioritizes the interrupts. Software can set 
the priority of each interrupt. The NVIC and the Cortex-M0+ processor core are closely coupled, 
providing low latency interrupt processing and efficient processing of late arriving interrupts. Refer to 
“Nested Vector Interrupt Controller’ on page 26 and the Cortex-M0+ Technical Reference Manual for 
details (www.arm.com.). 


e System Control Block (SCB) 
e The System Control Block provides system implementation information, and system control. This 
includes configuration, control, and reporting of the system exceptions. Refer to the Cortex-M0+ Devices 
Generic User Guide for details (www.arm.com.). 


10.1.3 Cortex-M0+ Address Map 


Table 10-2. Cortex-M0+ Address Map 


Address Peripheral 











OxEOO0E000 System Control Space (SCS) 

0xE000E010 System Timer (SysTick) 

OxE000E100 Nested Vectored Interrupt Controller (NVIC) 
OxEOO00EDOO System Control Block (SCB) 














10.1.4 I/O Interface 


10.1.4.1 Overview 


Because accesses to the AMBA® AHB-Lite™ and the single cycle I/O interface can be made concurrently, the Cortex- 
MO+ processor can fetch the next instructions while accessing the I/Os. This enables single cycle I/O accesses to be 
sustained for as long as needed. 


10.1.4.2 Description 
Direct access to PORT registers. 


10.2 Nested Vector Interrupt Controller 


10.2.1 Overview 


The ARMv6-M Nested Vectored Interrupt Controller (NVIC) in Atmel SAM D11 supports 32 external interrupts with 4 
different priority levels. For more details refer to the Cortex-M0 Technical Reference Manual. 
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10.2.2 Interrupt Line Mapping 


Table 10-3. Interrupt Line Mapping 


Peripheral Source NVIC Line 







































































EIC NMI — External Interrupt Controller NMI 
PM — Power Manager 0 
SYSCTRL — System Control 1 
WDT — Watchdog Timer 2 
RTC — Real Time Clock 3 
EIC — External Interrupt Controller 4 
NVMCTRL — Non-Volatile Memory Controller 5 
DMAC - Direct Memory Access Controller 6 
USB - Universal Serial Bus 7 
EVSYS — Event System 8 
SERCOMO0 — Serial Communication Controller 0 9 
SERCOM1 — Serial Communication Controller 1 10 
SERCOM2 - Serial Communication Controller 2 11 
TCCO — Timer Counter for Control 0 12 
TC1 — Timer Counter 1 13 
TC2 — Timer Counter 2 14 
ADC — Analog-to-Digital Converter 15 
AC — Analog Comparator 16 
DAC — Digital-to-Analog Converter 17 
PTC — Peripheral Touch Controller 18 
10.3 High-Speed Bus System 
10.3.1 Features 
High-Speed Bus Matrix has the following features: 
e Symmetric crossbar bus switch implementation 
e Allows concurrent accesses from different masters to different slaves 
e 32-bit data bus 
e Operation ata 1-to-1 clock frequency with the bus masters 
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10.3.2 Configuration 


MASTER ID 





CMO+ 0 





DSU 1 





DMAC Data 2 
















<«— SLAVE ID 
<«— SRAM PORT ID 





























MTB q 








USB 








DMAC WB 














DMAC Fetch 


La 











Table 10-4. Bus Matrix Masters 











~~ 























Bus Matrix Masters Master ID 











CMO+ - Cortex MO+ Processor 0 
DSU - Device Service Unit 1 
DMAC - Direct Memory Access Controller / Data Access 2 











Table 10-5. Bus Matrix Slaves 


Bus Matrix Slaves Slave ID 


Internal Flash Memory 


0 





AHB-APB Bridge A 





AHB-APB Bridge B 





AHB-APB Bridge C 





SRAM Port 4 - CM0O+ Access 





SRAM Port 5 - DMAC Data Access 





SRAM Port 6 - DSU Access 





Oo a fF WwW DN 
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Table 10-6. SRAM Port Connection 


























SRAM Port Connection Xo) a |B) Connection Type 
MTB - Memory Trace Buffer 0 Direct 

USB - Universal Serial Bus 1 Direct 
DMAC - Direct Memory Access Controller - Write-Back Access 2 Direct 
DMAC - Direct Memory Access Controller - Fetch Access 3 Direct 
CMO+ - Cortex MO+ Processor 4 Bus Matrix 
DMAC - Direct Memory Access Controller - Data Access 5 Bus Matrix 
DSU - Device Service Unit 6 Bus Matrix 

















10.3.3 SRAM Quality of Service 


To ensure that masters with latency requirements get sufficient priority when accessing RAM, the different masters 
can be configured to have a given priority for different type of access. 


The Quality of Service (QoS) level is independently selected for each master accessing the RAM. For any access to 
the RAM the RAM also receives the QoS level. The QoS levels and their corresponding bit values for the QoS level 


configuration is shown in Table 10-7. 


Table 10-7. Quality of Service 











Value Name Description 

00 DISABLE Background (no sensitive operations) 
01 LOW Sensitive Bandwidth 

10 MEDIUM Sensitive Latency 

11 HIGH Critical Latency 

















If a master is configured with QoS level 0x00 or 0x01 there will be minimum one cycle latency for the RAM access. 


The priority order for concurrent accesses are decided by two factors. First the QoS level for the master and then a 
static priority given by table nn-mm (table: SRAM port connection) where the lowest port ID has the highest static 
priority. 


The MTB has fixed QoS level 3 and the DSU has fixed QoS level 1. 
The CPU QoS level can be written/read at address 0x41007110, bits [1:0]. Its reset value is 0x0. 
Refer to different master QOSCTRL registers for configuring QoS for the other masters (USB, DMAC). 
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10.4 AHB-APB Bridge 


The AHB-APB bridge is an AHB slave, providing an interface between the high-speed AHB domain and the low-power 
APB domain. It is used to provide access to the programmable control registers of peripherals (see “Product Mapping” 
on page 20). 

AHB-APB bridge is based on AMBA APB Protocol Specification V2.0 (ref. as APB4) including: 

e Wait state support 

e Error reporting 

e Transaction protection 

e Sparse data transfer (byte, half-word and word) 


Additional enhancements: 
e Address and data cycles merged into a single cycle 
e Sparse data transfer also apply to read access 


to operate the AHB-APB bridge, the clock (CLK_HPBx_AHB) must be enabled. See “PIM — Power Manager” on page 
110 for details. 


10.5 PAC - Peripheral Access Controller 


10.5.1 Overview 


There is one PAC associated with each AHB-APB bridge. The PAC can provide write protection for registers of each 
peripheral connected on the same bridge. 


The PAC peripheral bus clock (CLK_PACx_APB) is enabled by default, and can be enabled and disabled in the 
Power Manager. Refer to “PIM — Power Manager’ on page 110 for details. CLK_PACO_APB and CLK_PAC1_APB are 
enabled at reset, while CLK_PAC2_APB is disabled at reset. The PAC will continue to operate in any sleep mode 
where the selected clock source is running. 


Write-protection does not apply for debugger access. When the debugger makes an access to a peripheral, write- 
protection is ignored so that the debugger can update the register. 


Write-protect registers allow the user to disable a selected peripheral’s write-protection without doing a read-modify- 
write operation. These registers are mapped into two I/O memory locations, one for clearing and one for setting the 
register bits. Writing a one to a bit in the Write Protect Clear register (WPCLR) will clear the corresponding bit in both 
registers (WPCLR and WPSET) and disable the write-protection for the corresponding peripheral, while writing a one 
to a bit in the Write Protect Set (WPSET) register will set the corresponding bit in both registers (WPCLR and WPSET) 
and enable the write-protection for the corresponding peripheral. Both registers (WPCLR and WPSET) will return the 
same value when read. 


If a peripheral is write-protected, and if a write access is performed, data will not be written, and the peripheral will 
return an access error (CPU exception). 


The PAC also offers a safety feature for correct program execution, with a CPU exception generated on double write- 
protection or double unprotection of a peripheral. If a peripheral n is write-protected and a write to one in WPSET[n] is 
detected, the PAC returns an error. This can be used to ensure that the application follows the intended program flow 
by always following a write-protect with an unprotect, and vice versa. However, in applications where a write-protected 
peripheral is used in several contexts, e.g., interrupts, care should be taken so that either the interrupt can not happen 
while the main application or other interrupt levels manipulate the write-protection status, or when the interrupt handler 
needs to unprotect the peripheral, based on the current protection status, by reading WPSET. 
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10.6 Register Description 


Atomic 8-, 16- and 32-bit accesses are supported. In addition, the 8-bit quarters and 16-bit halves of a 32-bit register, 
and the 8-bit halves of a 16-bit register can be accessed directly. 


Refer to “Product Mapping” on page 20 for PAC locations. 


10.6.1 PACO Register Description 
Write Protect Clear 
Name: WPCLR 
Offset: 0x00 
Reset: 0x00000000 




















































































































Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
EIC RTC WDT GCLK SYSCTRL PM 
Access R R/W R/W R/W R/W R/W R/W R 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:7 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bits 6:1 - EIC, RTC, WDT, GCLK, SYSCTRL, PM: Write Protect Disable 
0: Write-protection is disabled. 


1: Write-protection is enabled. 
Writing a zero to these bits has no effect. 
Writing a one to these bits will clear the Write Protect bits for the corresponding peripherals. 


e Bit 0 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
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Write Protect Set 






















































































Name: WPSET 
Offset: 0x04 
Reset: 0x00000000 
Property: - 
Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 
Bit 7 6 5 4 3 2 1 0 
EIC RTC WDT GCLK SYSCTRL PM 
Access R R/W R/W R/W R/W R/W R/W R 
Reset 0 0 0 0 0 0 


e Bits 31:7 — Reserved 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 


to zero when this register is written. These bits will always return zero when read. 


e_ Bits 6:1 - EIC, RTC, WDT, GCLK, SYSCTRL, PM: Write Protect Enable 
0: Write-protection is disabled. 
1: Write-protection is enabled. 


Writing a zero to these bits has no effect. 
Writing a one to these bits will set the Write Protect bit for the corresponding peripherals. 


e Bit 0 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 


when this register is written. This bit will always return zero when read. 
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10.6.2 PAC1 Register Description 
Write Protect Clear 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Bit 


Access 


Reset 








































































































Name: WPCLR 

Offset: 0x00 

Reset: 0x00000002 

Property: - 
31 30 29 28 27 26 25 24 
R R R R R R R R 
0 0 0 0 0 0 0 0 
23 22 21 20 19 18 17 16 
R R R R R R R R 
0 0 0 0 0 0 0 0 
15 14 13 12 11 10 9 8 
R R R R R R R R 
0 0 0 0 0 0 0 0 
7 6 5 4 3 2 1 0 

MTB USB DMAC PORT NVMCTRL DSU 

R RIW RIW R/W R/IW R/W RIW R 
0 0 0 0 0 0 1 0 


e = Bits 31:7— Reserved 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 


to zero when this register is written. These bits will always return zero when read. 


e Bits 6:1 - MTB, USB, DMAC, PORT, NVMCTRL, DSU: Write Protect 


0: Write-protection is disabled. 
1: Write-protection is enabled. 


Writing a zero to these bits has no effect. 


Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals. 


e Bit 0 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 


when this register is written. This bit will always return zero when read. 
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Write Protect Set 






















































































Name: WPSET 

Offset: 0x04 

Reset: 0x00000002 

Property: - 
Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 

| MTB USB DMAC PORT NVMCTRL DSU 

Access R R/W R/W R/W R/W R/W R/W R 
Reset 0 0 0 0 0 0 1 0 


e_. Bits 31:7— Reserved 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 


to zero when this register is written. These bits will always return zero when read. 


e Bits 6:1 - MTB, USB, DMAC, PORT, NVMCTRL, DSU: Write Protect 


0: Write-protection is disabled. 
1: Write-protection is enabled. 


Writing a zero to these bits has no effect. 
Writing a one to these bits will set the Write Protect bit for the corresponding peripherals. 


e Bit 0 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 


when this register is written. This bit will always return zero when read. 
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10.6.3 PAC2 Register Description 
Write Protect Clear 



































































































































Name: WPCLR 
Offset: 0x00 
Reset: 0x00100000 
Property: - 
Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
PTC DAC AC ADC 
Access R R R R R/W R/W R/W R/W 
Reset 0 0 0 1 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
TC2 TC1 TCCO 
Access R R R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
SERCOM3 SERCOM2 SERCOM1 SERCOMO EVSYS 
Access R R R/W R/W R/W R/W R/W R 
Reset 0 0 0 0 0 0 0 0 
e = Bits 31:20, 15:11, 7:6 — Reserved 


Atmel 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to reset value when this register is written. These bits will always return reset value when read. 


Bits 19:16, 10:8, 5:1 - PTC, DAC, AC, ADC, TC2, TC1, TCC0, SERCOM2, SERCOM1, SERCOMO, EVSYS: 
Write Protect 

0: Write-protection is disabled. 

1: Write-protection is enabled. 

Writing a zero to these bits has no effect. 

Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals. 


Bit 0 —- Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
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Write Protect Set 














































































































Name: WPSET 
Offset: 0x04 
Reset: 0x00100000 
31 30 29 28 27 26 25 24 
R R R R R R R R 
0 0 0 0 0 0 0 0 
23 22 21 20 19 18 17 16 
PTC DAC AC ADC 
R R R R R R R RW 
0 0 0 1 0 0 0 0 
15 14 13 12 1 10 9 8 
TC2 TC1 TCCO 
R R R R R RIW RW RW 
0 0 0 0 0 0 0 0 
7 6 5 4 3 2 1 0 
| SERCOM3 SERCOM2 SERCOM1 SERCOMO EVSYS 
R R RW RW RIW R/IW R/IW R 
0 0 0 0 0 0 0 0 


e = Bits 31:20, 15:11, 7:6 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to reset value when this register is written. These bits will always return reset value when read. 


e Bits 19:16, 10:8, 5:1 - PTC, DAC, AC, ADC, TC2, TC1, TCC0, SERCOM2, SERCOM1, SERCOMO, EVSYS: 
Write Protect 
0: Write-protection is disabled. 


1: Write-protection is enabled. 
Writing a zero to these bits has no effect. 
Writing a one to these bits will set the Write Protect bit for the corresponding peripherals. 


e Bit 0 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
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11. Peripherals Configuration Summary 
Table 11-1. Peripherals Configuration Summary 
AHB Clock APB Clock LCT=YaT-1a (om Of (oles PAC Events 
Peripheral Base Xe) Enabled Enabled Prot at 
Name Address’ Line | Index |at Reset) Index at Reset Tate (=.4 Tate (=.4 Reset Generator SleepWalking 
AHB-APB 
Bridge A 0x40000000 0 Y 
PACO 0x40000000 0 ‘ 
PM 0x40000400 0 1 vf 1 N Vi 
0: DFLL48M 
reference 
SYSCTRL 0x40000800 1 2 Von 1 BREE CM ar). fo N Y 
source 
2: FDPLL96M 
32kHz 
GCLK 0x40000C00 Y 3 Y 
WDT 0x40001000 2 4 Xf 3 4 N 
1: CMP0/ALARMO 
2: CMP1 
RTC 0x40001400 3 5 Ya 4 5 N 3: OVE iY; 
4-11: PERO-7 
EIC —ox4o001800 NMh 6 Y 5 6 N 12-27: EXTINTO-15 Y 
AHB-APB 
Bridge B 0x41000000 1 Y 
PAC1 0x41000000 0 nN 
DSU 0x41002000 Y 1 6 1 ay 
NVMCTRL  0x41004000 5 4 Y 2 Yi 13 2. N 
PORT 0x41004400 3 Ye 3 N 
DMAC 0x41004800 6 ae 4 ie 4 N 0-3: CHO-3 30-33: CHO-3 
USB 0x41005000 7 Y 5 ay 6 5 N V¢ 
MTB 0x41006000 6 N 
AHB-APB 
Bridge C 0x42000000 2 Y 
PAC2 0x42000000 0 N 
7-12: one per 
EVSYS 0x42000400 8 1 N CHANNEL 1 N 6 
14: CORE 1: RX 
SERCOMO 0x42000800 9 2 N 13: SLOW 2 N 2: TX Y 
15: CORE 3: RX 
SERCOM1  0x42000C00 10 3) N 13: SLOW 3 N 4: TX iY; 
16: CORE 5: RX 
SERCOM2_ 0x42001000 11 4 N 13: SLOW 4 N 6: TX Ni 
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Table 11-1. 


Peripherals Configuration Summary (Continued) 























PN al = med (oles TN od = 04 (oer ¢ (eT-Tal-1a (om 04 (ofer¢ PAC Events 
Peripheral Base Xe) Enabled Enabled Prot at 
Name Address’ Line | Index |at Reset) Index at Reset Tate (=y.4 Tate [=y.4 Reset feT-Vat-Ve-1ko)g IY NEL ale] 
34: OVF 
4-5: EVO-1 35: TRG 13° OVE 
TCCO = 0x42001400 12 5 N 17 5 N 6-9: MC0-3 36. CNT 44-17: MC0-3 NY 
37-40: MCO-3 
. 51: OVE 24: OVF 
TC1 0x42001800 13 6 N 18 6 N 18: EV SeMete SRE Y 
54: OVF 21 OVE 
TC2 — 0x42001C00 14 7 N 18 7 N 19: EV 55-56: MCX0-1 28.29: MCO-1 ‘y 
23: START 66: RESRDY ‘ 
ADC 0x42002000 15 8 ¥ 78 8 N 24: SYNC 67: WINMON 39: RESRDY y 
20: DIG : 68-69: COMPO-1 
AC 0x42002400 16 9 N 21: ANA 9 N 25-26: SOCO-1 70: WINO ¥ 
DAC 0x42002800 17 10 N 22 10 N 27: START 71 EMPRY 40: EMPTY x 
; 72: EOC 
PTC 0x42002C00 18 11 N 23 a N 28: STCONV 73: WCOMP 


















































The SAM D171 has one instance of TCC, its configuration is summarized below. 


Table 11-2. TCCs Configuration Summary 


Output 
Waveform 


Resolution 
Size 


Compare/Capture 


TCC Number Channels Fault 


Pyitarevalare) 


Pattern 
(ef-Val-Ve-1acey a) 


Output Matrix 


Dead Time 
Insertion 





24 bits Nf Y 





Refer to “TCC — Timer/Counter for Control Applications” on page 614 for details. 




































































































































































12. DSU —- Device Service Unit 
12.1 Overview 
The Device Service Unit (DSU) provides a means to detect debugger probes. This enables the ARM Debug Access 
Port (DAP) to have control over multiplexed debug pads and CPU reset. The DSU also provides system-level services 
to debug adapters in an ARM debug system. It implements a CoreSight Debug ROM that provides device 
identification as well as identification of other debug components in the system. Hence, it complies with the ARM 
Peripheral Identification specification. The DSU also provides system services to applications that need memory 
testing, as required for IEC60730 Class B compliance, for example. The DSU can be accessed simultaneously by a 
debugger and the CPU, as it is connected on the High-Speed Bus Matrix. For security reasons, some of the DSU 
features will be limited or unavailable when the device is protected by the NVMCTRL security bit (refer to “Security Bit” 
on page 361). 
12.2 Features 
e CPU reset extension 
e Debugger probe detection (Cold- and Hot-Plugging) 
e Chip-Erase command and status 
e 32-bit cyclic redundancy check (CRC32) of any memory accessible through the bus matrix 
e ARM® CoreSight™ compliant device identification 
e Two debug communications channels 
e Debug access port security filter 
e Onboard memory built-in self-test (MBIST) 
12.3. Block Diagram 
Figure 12-1. DSU Bock Diagram 
DSU 
——— bX debugger_present 
RESET DEBUGGER PROBE 
SWCLK 2 INTERFACE cpu_reset_extension 
DAP 
AHB-AP DAP SECURITY FILTER << NVMCTRL 
yN 
CORESIGHT ROM 
a4 
M Ss 
CRC-32 
HIGH-SPEED 
MEISi 4 > BUS MATRIX 
CHIP ERASE 
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12.4 


Signal Description 


Table 12-1. Signal Description 











Signal Name Description 
RESET Digital Input External reset 
SWCLK | Digital Input | SW clock 
SWDIO | Digital /0 | SW bidirectional data pin 








Refer to “I/O Multiplexing and Considerations” on page 13 for details on the pin mapping for this peripheral. 


12.5 Product Dependencies 
In order to use this peripheral, other parts of the system must be configured correctly, as described below. 
12.5.1 I/O Lines 
The SWCLK pin is by default assigned to the DSU module to allow debugger probe detection and the condition to 
stretch the CPU reset phase. For more information, refer to “Debugger Probe Detection” on page 41. The Hot- 
Plugging feature depends on the PORT configuration. If the SWCLK pin function is changed in the PORT or if the 
PORT_MUzxX is disabled, the Hot-Plugging feature is disabled until a power-reset or an external reset. 
12.5.2 Power Management 
The DSU will continue to operate in any sleep mode where the selected source clock is running. 
Refer to “PIM — Power Manager” on page 110 for details on the different sleep modes. 
12.5.3 Clocks 
The DSU bus clocks (CLK_DSU_APB and CLK_DSU_AHB) can be enabled and disabled in the Power Manager. For 
more information on the CLK_DSU_APB and CLK_DSU_AHB clock masks, refer to “PIM — Power Manager” on page 
110. 
12.5.4 DMA 
Not applicable. 
12.5.5 Interrupts 
Not applicable. 
12.5.6 Events 
Not applicable. 
12.5.7 Register Access Protection 
All registers with write access are optionally write-protected by the Peripheral Access Controller (PAC), except the 
following registers: 
e Debug Communication Channel 0 register (DCCO) 
e Debug Communication Channel 1 register (DCC1) 
Write-protection is denoted by the Write-Protection property in the register description. 
Write-protection does not apply for accesses through an external debugger. Refer to “PAC — Peripheral Access 
Controller’ on page 30 for details. 
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12.5.8 


12.6 


12.6.1 


12.6.2 


12.6.3 


Analog Connections 


Not applicable. 


Debug Operation 


Principle of Operation 


The DSU provides basic services to allow on-chip debug using the ARM Debug Access Port and the ARM processor 
debug resources: 


e CPU reset extension 
e Debugger probe detection 


For more details on the ARM debug components, refer to the ARM Debug Interface v5Architecture Specification. 


CPU Reset Extension 


“CPU reset extension” refers to the extension of the reset phase of the CPU core after the external reset is released. 
This ensures that the CPU is not executing code at startup while a debugger connects to the system. It is detected on 
a RESET release event when SWCLK is low. At startup, SWCLK is internally pulled up to avoid false detection of a 
debugger if SWCLK is left unconnected. When the CPU is held in the reset extension phase, the CPU Reset 
Extension bit (CRSTEXT) of the Status A register (STATUSA.CRSTEXT) is set. To release the CPU, write a one to 
STATUSA.CRSTEXT. STATUSA.CRSTEXT will then be set to zero. Writing a zero to STATUSA.CRSTEXT has no 
effect. For security reasons, it is not possible to release the CPU reset extension when the device is protected by the 
NVMCTRL security bit (refer to “Security Bit” on page 361). Trying to do so sets the Protection Error bit (PERR) of the 
Status A register (STATUSA.PERR). 





Figure 12-2. Typical CPU Reset Extension Set and Clear Timing Diagram 


SWCLK [| on 























RESET 





DSU CRSTEXT 


























Clear \ ) 
CPU reset Xs 
extension 
CPU_STATE reset x running 





Debugger Probe Detection 


12.6.3.1 Cold-Plugging 


Cold-Plugging is the detection of a debugger when the system is in reset. Cold-Plugging is detected when the CPU 
reset extension is requested, as described above. 


12.6.3.2 Hot-Plugging 


Hot-Plugging is the detection of a debugger probe when the system is not in reset. Hot-Plugging is not possible under 
reset because the detector is reset wnen POR or RESET are asserted. Hot-Plugging is active when a SWCLK falling 
edge is detected. The SWCLK pad is multiplexed with other functions and the user must ensure that its default 

function is assigned to the debug system. If the SWCLK function is changed, the Hot-Plugging feature is disabled until 
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12.7 


a power-reset or external reset occurs. Availability of the Hot-Plugging feature can be read from the Hot-Plugging 
Enable bit of the Status B register (STATUSB.HPE). 


Figure 12-3. Hot-Plugging Detection Timing Diagram 


SWCLK _ 























RESET 
CPU_STATE reset \ running 
Hot-Plugging [] 





The presence of a debugger probe is detected when either Hot-Plugging or Cold-Plugging is detected. Once detected, 
the Debugger Present bit of the Status B register (STATUSB.DBGPRES) is set. For security reasons, Hot-Plugging is 
not available when the device is protected by the NVMCTRL security bit (refer to “Security Bit” on page 361). 

This detection requires that pads are correctly powered. Thus, at cold startup, this detection cannot be done until POR 
is released. If the device is protected, Cold-Plugging is the only way to detect a debugger probe, and so the external 
reset timing must be longer than the POR timing. If external reset is deasserted before POR release, the user must 
retry the procedure above until it gets connected to the device. 


Chip-Erase 


Chip-Erase consists of removing all sensitive information stored in the chip and clearing the NVMCTRL security bit 
(refer to “Security Bit” on page 361). Hence, all volatile memories and the flash array (including the EEPROM 
emulation area) will be erased. The flash auxiliary rows, including the user row, will not be erased. When the device is 
protected, the debugger must reset the device in order to be detected. This ensures that internal registers are reset 
after the protected state is removed. The Chip-Erase operation is triggered by writing a one to the Chip-Erase bit in 
the Control register (CTRL.CE). This command will be discarded if the DSU is protected by the Peripheral Access 
Controller (PAC). Once issued, the module clears volatile memories prior to erasing the flash array. To ensure that the 
Chip-Erase operation is completed, check the Done bit of the Status A register (STATUSA.DONE). The Chip-Erase 
operation depends on clocks and power management features that can be altered by the CPU. For that reason, it is 
recommended to issue a Chip-Erase after a Cold-Plugging procedure to ensure that the device is in a known and safe 
state. 
The recommended sequence is as follows: 
1. Issue the Cold-Plugging procedure (refer to “Cold-Plugging” on page 41). The device then: 
1. Detects the debugger probe 
2. Holds the CPU in reset 
2. Issue the Chip-Erase command by writing a one to CTRL.CE. The device then: 
1. Clears the system volatile memories 
2. Erases the whole flash array (including the EEPROM emulation area, not including auxiliary rows) 
3. Erases the lock row, removing the NVMCTRL security bit protection 
3. Check for completion by polling STATUSA.DONE (read as one when completed). 
4. Reset the device to let the NVMCTRL update fuses. 
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12.8 


12.9 


Programming 


Programming of the flash or RAM memories is available when the device is not protected by the NVMCTRL security 
bit (refer to “Security Bit” on page 361). 
1. At power up, RESET is driven low by a debugger. The on-chip regulator holds the system in a POR state until 
the input supply is above the POR threshold (refer to “Power-On Reset (POR) Characteristics” on page 872). 
The system continues to be held in this static state until the internally regulated supplies have reached a safe 
operating state. 





2. The PM starts, clocks are switched to the slow clock (Core Clock, System Clock, Flash Clock and any Bus 
Clocks that do not have clock gate control). Internal resets are maintained due to the external reset. 


3. The debugger maintains a low level on SWCLK. Releasing RESET results in a debugger Cold-Plugging 
procedure. 


The debugger generates a clock signal on the SWCLK pin, the Debug Access Port (DAP) receives a clock. 
The CPU remains in reset due to the Cold-Plugging procedure; meanwhile, the rest of the system is released. 





A Chip-Erase is issued to ensure that the flash is fully erased prior to programming. 

Programming is available through the AHB-AP. 

After operation is completed, the chip can be restarted either by asserting RESET, toggling power or writing a 
one to the Status A register CPU Reset Phase Extension bit (STATUSA.CRSTEXT). Make sure that the 
SWCLK pin is high when releasing RESET to prevent extending the CPU reset. 


oN Oa S 





Intellectual Property Protection 


Intellectual property protection consists of restricting access to internal memories from external tools when the device 
is protected, and is accomplished by setting the NVMCTRL security bit (refer to “Security Bit” on page 361). This 
protected state can be removed by issuing a Chip-Erase (refer to “Chip-Erase” on page 42). When the device is 
protected, read/write accesses using the AHB-AP are limited to the DSU address range and DSU commands are 
restricted. 


The DSU implements a security filter that monitors the AHB transactions generated by the ARM AHB-AP inside the 
DAP. If the device is protected, then AHB-AP read/write accesses outside the DSU external address range are 
discarded, causing an error response that sets the ARM AHB-AP sticky error bits (refer to the ARM Debug Interface 
v5 Architecture Specification on http://www.arm.com). 
The DSU is intended to be accessed either: 

e Internally from the CPU, without any limitation, even when the device is protected 

e Externally from a debug adapter, with some restrictions when the device is protected 
For security reasons, DSU features have limitations when used from a debug adapter. To differentiate external 
accesses from internal ones, the first 0x100 bytes of the DSU register map have been replicated at offset 0x100: 

e The first 0x100 bytes form the internal address range 

e The next 0x100 bytes form the external address range 


When the device is protected, the DAP can only issue MEM-AP accesses in the DSU address range limited to the 
0x100-0x2000 offset range. 


The DSU operating registers are located in the 0x00-OxFF area and remapped in 0x100-0x1FF to differentiate 
accesses coming from a debugger and the CPU. If the device is protected and an access is issued in the region 
0x100-Ox1FF, it is subject to security restrictions. For more information, refer to Table 12-2. 
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Figure 12-4. APB Memory Mapping 


0x0000 
DawWioneraiin Internal address range 
te cae g (cannot be accessed from debug tools when the device is 
g protected by the NVMCTRL security bit) 
Ox00FC 
0x0100 : 
Replicated 
DSU operating 
registers 
0x01FD 
External address range 
(can be accessed from debug tools with some restrictions) 
0x1000 
DSU CoreSight 
ROM 
Ox1FFC 





Some features not activated by APB transactions are not available when the device is protected: 


Table 12-2. Feature Availability Under Protection 











Features Availability When the Device is Protected 
CPU reset extension Yes 
Debugger Cold-Plugging Yes 
Debugger Hot-Plugging No 











12.10 Device Identification 


Device identification relies on the ARM CoreSight component identification scheme, which allows the chip to be 
identified as an ATMEL device implementing a DSU. The DSU contains identification registers to differentiate the 
device. 

12.10.1 CoreSight Identification 


A system-level ARM CoreSight ROM table is present in the device to identify the vendor and the chip identification 
method. Its address is provided in the MEM-AP BASE register inside the ARM Debug Access Port. The CoreSight 
ROM implements a 64-bit conceptual ID composed as follows from the PIDO to PID7 CoreSight ROM Table registers: 


Figure 12-5. Conceptual 64-Bit Peripheral ID 


Conceptual 64-bit Peripheral ID 


Bad en Pag eee oe seme Oy ae ae Boul oo an ne Pe Diag eee ie 





36,35 3231 2827 2423 201918 


Reserved, RAZ 4KB RevAnd Revision JEP 106 Part number 
count ID code 
JEP 106 Cust ; 
Continuation Code modified JEP 106 code is used 
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Table 12-3. Conceptual 64-Bit Peripheral ID Bit Descriptions 



































Field Size | Description | Moter-\ i (ey) 
JEP-106 CC code 4 Atmel continuation code: 0x0 PID4 
JEP-106 ID code 7 Atmel device ID: 0x1F PID1+PID2 

4KB count 4 Indicates that the CoreSight component is a ROM: 0x0 PID4 
RevAnd 4 Not used; read as 0 PID3 
CUSMOD 4 Not used; read as 0 PID3 
PARTNUM 12 Contains 0xCDO0 to indicate that DSU is present PIDO+PID1 
DSU revision (starts at 0x0 and increments by 1 at both major and minor 
EWEN rahe ne ee cee ae Poe 
Device Identification register (DID) 








For more information, refer to the ARM Debug Interface Version 5 Architecture Specification. 


12.10.2 DSU Chip Identification Method: 
The DSU DID register identifies the device by implementing the following information: 
e Processor identification 
e Family identification 
e Subfamily identification 
e Device select 


12.11 Functional Description 


12.11.1 Principle of Operation 


The DSU provides memory services such as CRC32 or MBIST that require almost the same interface. Hence, the 
Address, Length and Data registers are shared. They must be configured first; then a command can be issued by 
writing the Control register. When a command is ongoing, other commands are discarded until the current operation is 
completed. Hence, the user must wait for the STATUSA.DONE bit to be set prior to issuing another one. 


12.11.2 Basic Operation 


12.11.2.1 Initialization 


The module is enabled by enabling its clocks. For more details, refer to “Clocks” on page 40. The DSU registers can 
be write-protected. Refer to “PAC — Peripheral Access Controller’ on page 30. 


12.11.2.2 Operation from a debug adapter 


Debug adapters should access the DSU registers in the external address range 0x100 — 0x2000. If the device is 
protected by the NVMCTRL security bit (refer to “Security Bit’ on page 361), accessing the first 0x100 bytes causes 
the system to return an error (refer to “Intellectual Property Protection” on page 43). 


12.11.2.3 Operation from the CPU 


There are no restrictions when accessing DSU registers from the CPU. However, the user should access DSU 
registers in the internal address range (0x0 — 0x100) to avoid external security restrictions (refer to “Intellectual 
Property Protection” on page 43). 
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12.11.3 32-bit Cyclic Redundancy Check (CRC32) 


The DSU unit provides support for calculating a cyclic redundancy check (CRC32) value for a memory area (including 
flash and AHB RAM). 


When the CRC32 command is issued from: 


e The internal range, the CRC32 can be operated at any memory location 


e The external range, the CRC32 operation is restricted; DATA, ADDR and LENGTH values are forced (see 
below) 


Table 12-4. AMOD Bit Descriptions when Operating CRC32 


PAN (0) 3) i) Short Name External Range Restrictions 








0 ARRAY CRC32 is restricted to the full flash array area (EEPROM emulation area not included) 
DATA forced to OxFFFFFFFF before calculation (no seed) 
1 EEPROM CRC32 of the whole EEPROM emulation area 
DATA forced to OxFFFFFFFF before calculation (no seed) 
2-3 Reserved 

















The algorithm employed is the industry standard CRC32 algorithm using the generator polynomial OxEDB88320 
(reversed representation). 


12.11.3.1 Starting CRC32 Calculation 


CRC32 calculation for a memory range is started after writing the start address into the Address register (ADDR) and 
the size of the memory range into the Length register (LENGTH). Both must be word-aligned. 


The initial value used for the CRC32 calculation must be written to the Data register. This value will usually be 
OxFFFFFFFF, but can be, for example, the result of a previous CRC32 calculation if generating a common CRC32 of 
separate memory blocks. 


Once completed, the calculated CRC32 value can be read out of the Data register. The read value must be 
complemented to match standard CRC32 implementations or kept non-inverted if used as starting point for 
subsequent CRC32 calculations. 


If the device is in protected state by the NVMCTRL security bit (refer to “Security Bit” on page 361), it is only possible 
to calculate the CRC32 of the whole flash array when operated from the external address space. In most cases, this 
area will be the entire onboard non-volatile memory. The Address, Length and Data registers will be forced to 
predefined values once the CRC32 operation is started, and values written by the user are ignored. This allows the 
user to verify the contents of a protected device. 


The actual test is started by writing a one in the 32-bit Cyclic Redundancy Check bit of the Control register 
(CTRL.CRC). A running CRC32 operation can be canceled by resetting the module (writing a one to CTRL.SWRST). 


12.11.3.2 Interpreting the Results 


The user should monitor the Status A register. When the operation is completed, STATUSA.DONE is set. Then the 
Bus Error bit of the Status A register (STATUSA.BERR) must be read to ensure that no bus error occurred. 


12.11.4 Debug Communication Channels 


The Debug Communication Channels (DCCO and DCC71) consist of a pair of registers with associated handshake 
logic, accessible by both CPU and debugger even if the device is protected by the NVMCTRL security bit (refer to 
“Security Bit’ on page 361). The registers can be used to exchange data between the CPU and the debugger, during 
run time as well as in debug mode. This enables the user to build a custom debug protocol using only these registers. 
The DCCO and DCC1 registers are accessible when the protected state is active. When the device is protected, 
however, it is not possible to connect a debugger while the CPU is running (STATUSA.CRSTEXT is not writable and 
the CPU is held under reset). Dirty bits in the status registers indicate whether a new value has been written in DCCO 
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or DCC1. These bits, DCCOD and DCC1D, are located in the STATUSB registers. They are automatically set on write 
and cleared on read. The DCCO and DCC‘1 registers are shared with the onboard memory testing logic (MBIST). 
Accordingly, DCCO and DCC1 must not be used while performing MBIST operations. 


12.11.5 Testing of Onboard Memories (MBIST) 


The DSU implements a feature for automatic testing of memory also known as MBIST. This is primarily intended for 
production test of onboard memories. MBIST cannot be operated from the external address range when the device is 
protected by the NVMCTRL security bit (refer to “Security Bit” on page 361). Ifa MBIST command is issued when the 
device is protected, a protection error is reported in the Protection Error bit in the Status A register (STATUSA.PERR). 
1. Algorithm 
The algorithm used for testing is a type of March algorithm called "March LR". This algorithm is able to detect a 
wide range of memory defects, while still keeping a linear run time. The algorithm is: 
1. Write entire memory to 0, in any order. 

Bit for bit read 0, write 1, in descending order. 
Bit for bit read 1, write 0, read 0, write 1, in ascending order. 
Bit for bit read 1, write 0, in ascending order. 
Bit for bit read 0, write 1, read 1, write 0, in ascending order. 
6. Read 0 from entire memory, in ascending order. 


ONS 


The specific implementation used has a run time that depends on CPU clock frequency and on the number of 
bytes tested in RAM. The detected faults are: 


e Address decoder faults 

Stuck-at faults 

Transition faults 

Coupling faults 

Linked Coupling faults 
e Stuck-open faults 

2. Starting MBIST 


To test a memory, you need to write the start address of the memory to the ADDR.ADDR bit group, and the size 
of the memory into the Length register. See “Physical Memory Map” on page 21 to know which memories are 
available, and which address they are at. 


For best test coverage, an entire physical memory block should be tested at once. It is possible to test only a 
subset of a memory, but the test coverage will then be somewhat lower. 
The actual test is started by writing a one to CTRL.MBIST. A running MBIST operation can be canceled by writ- 
ing a one to CTRL.SWRST. 
3. Interpreting the Results 
The tester should monitor the STATUSA register. When the operation is completed, STATUSA.DONE is set. 
There are two different modes: 
e ADDR.AMOD=0: exit-on-error (default) 
In this mode, the algorithm terminates either when a fault is detected or on successful completion. In both 
cases, STATUSA.DONE is set. If an error was detected, STATUSA.FAIL will be set. User then can read the 
DATA and ADDR registers to locate the fault. Refer to “Locating Errors” on page 47. 
e ADDR.AMOD=1: pause-on-error 
In this mode, the MBIST algorithm is paused when an error is detected. In such a situation, only STA- 
TUSA.FAIL is asserted. The state machine waits for user to clear STATUSA.FAIL by writing a one in 
STATUSA.FAIL to resume. Prior to resuming, user can read the DATA and ADDR registers to locate the fault. 
Refer to “Locating Errors” on page 47. 
4. Locating Errors 
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Bit 


Bit 


Bit 


Bit 


Table 12-6. MBIST Operation Phases 


Phase Test Actions 


If the test stops with STATUSA.FAIL set, one or more bits failed the test. The test stops at the first detected 
error. The position of the failing bit can be found by reading the following registers: 





















































e ADDR: Address of the word containing the failing bit. 
e DATA: contains data to identify which bit failed, and during which phase of the test it failed. The DATA 
register will in this case contains the following bit groups: 
Table 12-5. DATA bits Description When MBIST Operation Returns An Error 
31 30 29 28 27 26 25 24 
23 22 21 20 19 18 17 16 
15 14 13 12 11 10 9 8 
phase 
7 6 5 4 3 2 1 0 
bit_index 
e _bit_index: contains the bit number of the failing bit 
e phase: indicates which phase of the test failed and the cause of the error. See Table 12-6 on page 48. 


0 


Write all bits to zero. This phase cannot fail. 





1 


Read 0, write 1, increment address 





Read 1, write 0 





Read 0, write 1, decrement address 





Read 1, write 0, decrement address 





Read 0, write 1 





Read 1, write 0, decrement address 








ND] oO} |W) DN 





Read all zeros. bit_index is not used 








12.11.6 System Services Availability When Accessed Externally 


Atmel 


External access: Access performed in the DSU address offset 0x200-0x1FFF range. 


Internal access: Access performed in the DSU address offset 0x0-0x100 range. 
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Table 12-7. Available Features When Operated From The External Address Range 





Chip-Erase command and status 


Features Availability From The External Address Range 


Yes 














CRC32 Yes, only full array or full EEPROM 
CoreSight Compliant Device identification | Yes 
Debug communication channels Yes 
Testing of onboard memories (MBIST) No 








STATUSA.CRSTEXT clearing 


No (STATUSA.PERR is set when attempting to do so) 
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12.12 Register Summary 


Table 12-8. Register Summary 












































































































































































































































Bit 
Offset Name Pos. 
0x0000 CTRL 7:0 SMSA ARR CE MBIST CRC SWRST 
0x0001 STATUSA 7:0 PERR FAIL BERR CRSTEXT DONE 
0x0002 STATUSB 7:0 HPE DCCD1 DCCDO DBGPRES PROT 
0x0003 Reserved 
0x0004 7:0 ADDRI5:0] AMODJ[1:0] 
0x0005 15:8 ADDR[13:6] 
|__| ADDR 
0x0006 23:16 ADDR[21:14] 
0x0007 31:24 ADDR[29:22] 
0x0008 7:0 LENGTH{[5:0] 
0x0009 15:8 LENGTH[13:6] 
LENGTH 
0x000A 23:16 LENGTH[21:14] 
0x000B 31:24 LENGTH[29:22] 
0x000C 7:0 DATA|7:0] 
0x000D 15:8 DATA[15:8] 
|-——_-_-_] DATA 
0x000E 23:16 DATA[23:16] 
0Ox000F 31:24 DATA[31:24] 
0x0010 7:0 DATA|7:0] 
0x0011 15:8 DATA[15:8] 
DCCO 
0x0012 23:16 DATA[23:16] 
0x0013 31:24 DATA[31:24] 
0x0014 7:0 DATA|7:0] 
0x0015 15:8 DATA[15:8] 
DCC1 
0x0016 23:16 DATA[23:16] 
0x0017 31:24 DATA[31:24] 
0x0018 7:0 DEVSEL|7:0] 
0x0019 15:8 DIE[3:0] REVISION[3:0] 
t+———— DID 
0x001A 23:16 FAMILY SERIES[5:0] 
0x001B 31:24 PROCESSORJ3:0] FAMILY[4:1] 
0x001C 
- Reserved 
Ox00EF 
0x00FO 7:0 DCFG[7:0] 
Ox00F1 15:8 DCFG[15:8] 
DCFGO 
Ox00F2 23:16 DCFG[23:16] 
Ox00F3 31:24 DCFG[31:24] 
Ox00F4 7:0 DCFG[7:0] 
Ox00F5 15:8 DCFG[15:8] 
DCFG1 
Ox00F6 23:16 DCFG[23:16] 
Ox00F7 31:24 DCFG[31:24] 
Ox00F8 
S Reserved 
OxOFFF 
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0x1000 7:0 FMT EPRES 
0x1001 15:8 ADDOFF[3:0] 
ENTRYO 
0x1002 23:16 ADDOFF[11:4] 
0x1003 31:24 ADDOFF[19:12] 
0x1004 7:0 FMT EPRES 
0x1005 15:8 ADDOFF[3:0] 
ENTRY1 
0x1006 23:16 ADDOFF[11:4] 
0x1007 31:24 ADDOFF[19:12] 
0x1008 7:0 END[7:0] 
0x1009 15:8 END[15:8] 
|__| END 
0x100A 23:16 END[23:16] 
0x100B 31:24 END[31:24] 
0x100C 
= Reserved 
0x1FCB 
Ox1FCC 7:0 SMEMP 
0x1FCD 15:8 
+; MEMTYPE 
Ox1FCE 23:16 
Ox1FCF 31:24 
0x1FDO 7:0 FKBC[3:0] JEPCC[3:0] 
0x1FD1 15:8 
+———_ PID4 
0x1FD2 23:16 
0x1FD3 31:24 
0Ox1FD4 7:0 
Ox1FD5 15:8 
PID5 
0x1FD6 23:16 
0x1FD7 31:24 
0x1FD8 7:0 
0x1FD9 15:8 
PID6 
Ox1FDA 23:16 
0x1FDB 31:24 
0Ox1FDC 7:0 
0x1FDD 15:8 
PID7 
Ox1FDE 23:16 
0x1FDF 31:24 
0x1FEO 7:0 PARTNBL[7:0] 
Ox1FE1 15:8 
PIDO 
Ox1FE2 23:16 
0Ox1FE3 31:24 
Ox1FE4 7:0 JEPIDCL[3:0] PARTNBH{[3:0] 
Ox1FE5 15:8 
<== PID1 
Ox1FE6 23:16 
Ox1FE7 31:24 
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Offset 









































































































































Ox1FE8 7:0 REVISION[3:0] JEPU JEPIDCH[2:0] 
Ox1FE9 15:8 
PID2 
Ox1FEA 23:16 
0x1FEB 31:24 
0x1FEC 7:0 REVANDJ3:0] CUSMODJ3:0] 
0x1FED 15:8 
PID3 
Ox1FEE 23:16 
Ox1FEF 31:24 
Ox1FFO 7:0 PREAMBLEBO[7:0] 
Ox1FF1 15:8 
t+ CIDO 
Ox1FF2 23:16 
Ox1FF3 31:24 
Ox1FF4 7:0 CCLASSJ3:0] PREAMBLE[3:0] 
Ox1FF5 15:8 
CID1 
Ox1FF6 23:16 
Ox1FF7 31:24 
Ox1FF8 7:0 PREAMBLEB2[7:0] 
Ox1FF9 15:8 
-———— CID2 
Ox1FFA 23:16 
0x1FFB 31:24 
Ox1FFC 7:0 PREAMBLEB3j/7:0] 
Ox1FFD 15:8 
CID3 
Ox1FFE 23:16 
Ox1FFF 31:24 
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12.13 Register Description 


Registers can be 8, 16 or 32 bits wide. Atomic 8-, 16- and 32-bit accesses are supported. In addition, the 8-bit quarters 
and 16-bit halves of a 32-bit register and the 8-bit halves of a 16-bit register can be accessed directly. 

Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Write protection is denoted by 
the Write-Protected property in each individual register description. Refer to “Register Access Protection” on page 40 for 
details. 
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12.13.1 Control 


Name: CTRL 
Offset: 0x0000 
Reset: 0x00 


Access: Write-Only 


Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 
[Toe eee [2 rer 
Access WwW WwW R WwW WwW WwW R WwW 
Reset 0 0 0 0 0 0 0 0 
e Bit 7- SMSA: Start Memory Stream Access 
e Bit 6- ARR: Auxiliary Row Read 
e Bit 5 —- Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
e Bit 4- CE: Chip-Erase 
Writing a zero to this bit has no effect. 
Writing a one to this bit starts the Chip-Erase operation. 
e Bit 3- MBIST: Memory built-in self-test 
Writing a zero to this bit has no effect. 
Writing a one to this bit starts the memory BIST algorithm. 
e Bit 2- CRC: 32-bit Cyclic Redundancy Code 
Writing a zero to this bit has no effect. 
Writing a one to this bit starts the cyclic redundancy check algorithm. 
e Bit 1 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
e Bit 0 - SWRST: Software Reset 


Atmel 


Writing a zero to this bit has no effect. 
Writing a one to this bit resets the module. 
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12.13.2 Status A 


Name: STATUSA 
Offset: 0x0001 
Reset: 0x00 


Access: Read-Write 


Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 
Access R R R R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 

e Bits 7:5 — Reserved 


Atmel 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 


zero when this register is written. These bits will always return zero when read. 


Bit 4 -— PERR: Protection Error 
Writing a zero to this bit has no effect. 


Writing a one to this bit clears the Protection Error bit. 
This bit is set when a command that is not allowed in protected state is issued. 


Bit 3 — FAIL: Failure 
Writing a zero to this bit has no effect. 


Writing a one to this bit clears the Failure bit. 
This bit is set when a DSU operation failure is detected. 


Bit 2 -—- BERR: Bus Error 
Writing a zero to this bit has no effect. 


Writing a one to this bit clears the Bus Error bit. 
This bit is set when a bus error is detected. 


Bit 1 - CRSTEXT: CPU Reset Phase Extension 

Writing a zero to this bit has no effect. 

Writing a one to this bit clears the CPU Reset Phase Extension bit. 

This bit is set when a debug adapter Cold-Plugging is detected, which extends the CPU reset phase. 


Bit 0 - DONE: Done 
Writing a zero to this bit has no effect. 


Writing a one to this bit clears the Done bit. 
This bit is set when a DSU operation is completed. 
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12.13.3 Status B 
Name: STATUSB 
Offset: 0x0002 
Reset: OX000000XX 
Access: Read-Only 


Property: Write-Protected 


Bit 


Access 


Reset 0 0 0 0 0 0 X 


Atmel 


Bits 7:5 — Reserved 


7 6 5 4 3 2 1 0 
R R R R R R R R 


Xx 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 


zero when this register is written. These bits will always return zero when read. 


Bit 4 —- HPE: Hot-Plugging Enable 
Writing a zero to this bit has no effect. 


Writing a one to this bit has no effect. 
This bit is set when Hot-Plugging is enabled. 


This bit is cleared when Hot-Plugging is disabled. This is the case when the SWCLK function is changed. Only a 


power-reset or a external reset can set it again. 


Bits 3:2 - DCCDx [x=1..0]: Debug Communication Channel x Dirty 
Writing a zero to this bit has no effect. 


Writing a one to this bit has no effect. 
This bit is set when DCCx is written. 
This bit is cleared when DCCx is read. 


Bit 1- DBGPRES: Debugger Present 
Writing a zero to this bit has no effect. 


Writing a one to this bit has no effect. 
This bit is set when a debugger probe is detected. 
This bit is never cleared. 


Bit 0 - PROT: Protected 
Writing a zero to this bit has no effect. 


Writing a one to this bit has no effect. 
This bit is set at powerup when the device is protected. 
This bit is never cleared. 
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12.13.4 Address 
Name: 
Offset: 


Reset: 


Access: 
Property: 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


ADDR 

0x0004 
0x00000000 
Read-Write 
Write-Protected 


31 30 29 28 27 26 25 24 
R/W R/W R/W R/W R/W R/W R/W R/W 
0 0 0 0 0 0 0 0 
23 22 21 20 19 18 17 16 
R/W R/W R/W R/W R/W R/W R/W R/W 
0 0 0 0 0 0 0 0 
15 14 13 12 11 10 9 8 
R/W R/W R/W R/W R/W R/W R/W R/W 
0 0 0 0 0 0 0 0 
7 6 5 4 3 2 1 0 
R/W R/W R/W R/W R/W R/W R/W R/W 
0 0 0 0 0 0 0 0 


e Bits 31:2 - ADDR[29:0]: Address 
Initial word start address needed for memory operations. 


e Bits 1:0 - AMOD[1:0]: Access Mode 
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12.13.5 Length 
Name: LENGTH 
Offset: 0x0008 
Reset: 0x00000000 


Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
a 
Access R/W R/W R/W R/W R/W R/W R R 
Reset 0 0 0 0 0 0 0 0 


e = Bits 31:2 - LENGTH[29:0]: Length 
Length in words needed for memory operations. 


e Bits 1:0 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
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12.13.6 Data 
Name: DATA 
Offset: 0x000C 
Reset: 0x00000000 


Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:0 - DATA[31:0]: Data 
Memory operation initial value or result value. 
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12.13.7 Debug Communication Channel n 
Name: DCCn 
Offset: 0x0010+n*0x4 [n=0..1] 
Reset: 0x00000000 


Access: Read-Write 


Property: - 
Bit 31 30 29 28 27 26 25 24 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:0 - DATA[31:0]: Data 
Data register. 
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12.13.8 Device Identification 


Name: DID 

Offset: 0x0018 

Reset: - 

Access: Read-Only 

Property: - 
Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 

oe 

Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 


The information in this register is related to the ordering code. Refer to the “Ordering Information” on page 5 for details. 


e = Bits 31:28 - PROCESSOR[3:0]: Processor 
The value of this field defines the processor used on the device. For this device, the value of this field is 0x1, cor- 
responding to the ARM Cortex-MO+ processor. 


Table 12-9. Processor 


PROCESSORJ3:0] Description 

















0x0 Cortex-M0 
0x1 Cortex-M0+ 
0x2 Cortex-M3 
0x3 Cortex-M4 
0x4-0xF Reserved 
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e Bits 27:23 — FAMILY[4:0]: Family 
The value of this field corresponds to the Product Family part of the ordering code. For this device, the value of this 
field is OxO, corresponding to the SAM D family of base line microcontrollers. 


Table 12-10. Family 











FAMILY[4:0] Description 
0x0 General purpose microcontroller 
Ox1 | PicoPower 

Ox2-0x1F | Reserved 





e Bit 22 —- Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


e Bits 21:16 — SERIES[5:0]: Series 
The value of this field corresponds to the Product Series part of the ordering code. For this device, the value of this 
field is 0x00, corresponding to a product with the Cortex-M0+ processor and a basic feature set. 


Table 12-11. Series 











SERIES[5:0] DY =X-Xoq a |e) d (ey) 
0x0 Cortex-M0+ processor, basic feature set 
0x1 | Cortex-M0+ processor, USB 
0x2-0x3F | Reserved 








e Bits 15:12 — DIE[3:0]: Die Number 
Identifies the die in the family. 


e Bits 11:8 — REVISION[3:0]: Revision Number 
Identifies the die revision number. 


e Bits 7:0 - DEVSEL[7:0]: Device Select 
DEVSEL is used to identify a device within a product family and product series. The value corresponds to the 
Flash memory density, pin count and device variant parts of the ordering code. Refer to “Ordering Information” on 
page 5 for details. 
DEVSEL is used to identify a device within a product family and product series. The value corresponds to the 
Flash memory density, pin count and device variant parts of the ordering code. Refer to “Ordering Information” on 
page 5 for details. 
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Table 12-12. Device Selection 

































































1D) =AYA<) =} Ms BY =) (or -) DY =\4(er- m4 | B) Pincount DAC >] =} 0101 0) (1/72 
0x0 SAMD11D14AM 0x10030000 16KB 4KB 24 Yes Yes Yes 
0x1 Reserved 
0x2 Reserved 
0x3 SAMD11D14ASS 0x10030003 16KB 4KB 20 Yes Yes Yes 
0x4 Reserved 
Ox5 Reserved 
Ox6 SAMD11D14A 0x10030006 16KB 4KB 14 Yes No Yes 
0x7 Reserved 

0x8-OxFF Reserved 
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12.13.9 Device Configuration 
Name: DCFGn 
Offset: Ox00F0+n*0x4 [n=0..1] 
Reset: 0x00000000 


Access: Read-Write 


Property: - 
Bit 31 30 29 28 27 26 25 24 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e = Bits 31:0 - DCFG[31:0]: Device Configuration 
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12.13.10Coresight ROM Table Entry n 


Name: ENTRYn 
Offset: 0x1000+n*0x4 [n=0..1] 
Reset: - 


Access: Read-Only 


Property: - 

Bit 31 30 29 28 27 26 25 24 

Access R R R R R R R R 

Reset 0 

Bit 23 22 21 20 19 18 17 16 

Access R R R R R R R R 

Reset 

Bit 15 14 13 12 11 10 9 8 
a 

Access R R R R R R R R 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 
ee = | 

Access R R R R R R R R 

Reset 0 


e Bits 31:12 - ADDOFF[19:0]: Address Offset 
The base address of the component, relative to the base address of this ROM table. 


e Bits 11:2 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 1- FMT: Format 
Always read as one, indicates a 32-bit ROM table. 


e Bit 0-EPRES: Entry Present 
This bit indicates whether an entry is present at this location in the ROM table. 


This bit is set at powerup if the device is not protected indicating that the entry is not present. 
This bit is cleared at powerup if the device is not protected indicating that the entry is present. 
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12.13.11Coresight ROM Table End 
Name: END 
Offset: 0x1008 
Reset: 0x00000000 
Access: Read-Only 


Property: - 
Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R R R R R R R R 
Reset 


e Bits 31:0 - END[31:0]: End Marker 
Indicates the end of the CoreSight ROM table entries. 
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12.13.12Coresight ROM Table Memory Type 
Name: MEMTYPE 
Offset: 0x1FCC 
Reset: 0X0000000000000000000000000000000X 
Access: Read-Only 


Property: - 

Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 


e Bits 31:1 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 0-—-SMEMP: System Memory Present 
This bit indicates whether system memory is present on the bus that connects to the ROM table. 


This bit is set at powerup if the device is not protected indicating that the system memory is accessible from a 


debug adapter. 
This bit is cleared at powerup if the device is protected indicating that the system memory is not accessible from a 
debug adapter. 
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12.13.13Peripheral Identification 4 
Name: PID4 
Offset: 0x1FDO 
Reset: 0x00000000 
Access: Read-Only 


Property: - 
Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
FKBC[3:0] JEPCC[3:0] 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:8 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 7:4 - FKBC[3:0]: 4KB count 
These bits will always return zero when read, indicating that this debug component occupies one 4KB block. 


e Bits 3:0 - JEPCC[3:0]: JEP-106 Continuation Code 
These bits will always return zero when read, indicating a Atmel device. 
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12.13.14Peripheral Identification 5 
PID5 
0x1FD4 


Name: 
Offset: 
Reset: 
Access: 
Property: 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Read-Only 


31 30 29 28 27 26 25 24 


23 22 21 20 19 18 17 16 


15 14 13 12 11 10 9 8 


R R R R R R R R 
0 0 0 0 0 0 0 0 
7 6 5 4 3 2 1 0 


e Bits 31:0 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Atmel 
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12.13.15Peripheral Identification 6 
PID6 
0x1FD8 


Name: 
Offset: 
Reset: 
Access: 
Property: 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Read-Only 


31 30 29 28 27 26 25 24 


23 22 21 20 19 18 17 16 


15 14 13 12 11 10 9 8 


R R R R R R R R 
0 0 0 0 0 0 0 0 
7 6 5 4 3 2 1 0 


e Bits 31:0 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Atmel 
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12.13.16Peripheral Identification 7 
PID7 
0x1FDC 


Name: 
Offset: 
Reset: 
Access: 
Property: 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Read-Only 


31 30 29 28 27 26 25 24 


23 22 21 20 19 18 17 16 


15 14 13 12 11 10 9 8 


R R R R R R R R 
0 0 0 0 0 0 0 0 
7 6 5 4 3 2 1 0 


e Bits 31:0 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Atmel 
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12.13.17Peripheral Identification 0 
Name: PIDO 
Offset: 0x1FEO 
Reset: 0x00000000 
Access: Read-Only 


Property: - 
Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
PARTNBL[7:0] 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:8 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 7:0 - PARTNBL[7:0]: Part Number Low 
These bits will always return OxDO when read, indicating that this device implements a DSU module instance. 
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12.13.18Peripheral Identification 1 
Name: PID1 
Offset: 0Ox1FE4 
Reset: Ox000000FC 
Access: Read-Only 


Property: - 
Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
JEPIDCL[3:0] PARTNBH{[3:0] 
Access R R R R R R R R 
Reset 1 1 1 1 1 1 0 0 


e Bits 31:8 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e_ Bits 7:4 —- JEPIDCL[3:0]: Low part of the JEP-106 Identity Code 
These bits will always return OxF when read, indicating a Atmel device (Atmel JEP-106 identity code is 0x1F). 


e Bits 3:0 - PARTNBH[3:0]: Part Number High 
These bits will always return OxC when read, indicating that this device implements a DSU module instance. 
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12.13.19Peripheral Identification 2 
Name: PID2 
Offset: Ox1FE8 
Reset: 0x00000009 
Access: Read-Only 


Property: - 


Bit 


31 30 29 28 27 26 25 24 


Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 


Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 


Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 


REVISION[3:0] JEPU JEPIDCH[2:0] 


Access R R R R R R R R 
Reset 0 0 0 0 1 0 0 1 
e Bits 31:8 — Reserved 


Atmel 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bits 7:4 — REVISION[3:0]: Revision Number 
Revision of the peripheral. Starts at OxO and increments by one at both major and minor revisions. 


Bit 3 - JEPU: JEP-106 Identity Code is used 
This bit will always return one when read, indicating that JEP-106 code is used. 


Bits 2:0 —- JEPIDCH[2:0]: JEP-106 Identity Code High 
These bits will always return 0x1 when read, indicating an Atmel device (Atmel JEP-106 identity code is 0x1F). 
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12.13.20Peripheral Identification 3 
Name: PID3 
Offset: 0x1FEC 
Reset: 0x00000000 
Access: Read-Only 


Property: - 
Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
REVANDJ3:0] CUSMODJ3:0] 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:8 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 7:4 - REVAND[3:0]: Revision Number 
These bits will always return 0x0 when read. 


e Bits 3:0 - CUSMOD[3:0]: ARM CUSMOD 
These bits will always return 0x0 when read. 
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12.13.21Component Identification 0 
Name: CIDO 
Offset: 0Ox1FFO 
Reset: 0x00000000 
Access: Read-Only 


Property: - 
Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
PREAMBLEBO[7:0] 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:8 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 7:0 - PREAMBLEBO[7:0]: Preamble Byte 0 
These bits will always return OxD when read. 


Atmel | SMART SAM D11 [DATASHEET 76 
Atmel | 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





12.13.22Component Identification 1 
Name: CID1 
Offset: Ox1FF4 
Reset: 0x00000000 
Access: Read-Only 


Property: - 


Bit 


31 30 29 28 27 26 25 24 


Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 


Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 


Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 


CCLASS[3:0] PREAMBLE[3:0] 


Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
e Bits 31:8 — Reserved 


Atmel 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bits 7:4 - CCLASS[3:0]: Component Class 
These bits will always return 0x1 when read indicating that this ARM CoreSight component is ROM table (refer to 
the ARM Debug Interface v5 Architecture Specification at http://www.arm.com). 


Bits 3:0 - PREAMBLE[3:0]: Preamble 
These bits will always return 0x0 when read. 
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12.13.23Component Identification 2 
Name: CID2 
Offset: Ox1FF8 
Reset: 0x00000000 
Access: Read-Only 


Property: - 
Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
PREAMBLEB2[7:0] 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:8 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 7:0 - PREAMBLEB2[7:0]: Preamble Byte 2 
These bits will always return 0x05 when read. 
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12.13.24Component Identification 3 
Name: CID3 
Offset: 0Ox1FFC 
Reset: 0x00000000 
Access: Read-Only 


Property: - 
Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
PREAMBLEB3{[7:0] 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:8 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bits 7:0 - PREAMBLEB3[7:0]: Preamble Byte 3 
These bits will always return 0xB1 when read. 
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13. Clock System 


This chapter only aims to summarize the clock distribution and terminology in the SAM D11 device. It will not explain 
every detail of its configuration. For in-depth documentation, see the referenced module chapters. 


13.1. Clock Distribution 


Figure 13-1. Clock distribution 
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The clock system on the SAM D111 consists of: 
e Clock sources, controlled by SYSCTRL 

e AClock source is the base clock signal used in the system. Example clock sources are the internal 8MHz 

oscillator (OSC8M), External crystal oscillator (XOSC) and the Digital frequency locked loop (DFLL48M). 
e Generic Clock Controller (GCLK) which controls the clock distribution system, made up of: 

e Generic Clock generators: A programmable prescaler, that can use any of the system clock sources as 
its source clock. The Generic Clock Generator 0, also called GCLK_MAIN, is the clock feeding the Power 
Manager used to generate synchronous clocks. 

e Generic Clocks: Typically the clock input of a peripheral on the system. The generic clocks, through the 
Generic Clock Multiplexer, can use any of the Generic Clock generators as its clock source. Multiple 
instances of a peripheral will typically have a separate generic clock for each instance. The DFLL48M 
clock input (when multiplying another clock source) is generic clock 0. 

e Power Manager (PM) 

e The PM controls synchronous clocks on the system. This includes the CPU, bus clocks (APB, AHB) as 
well as the synchronous (to the CPU) user interfaces of the peripherals. It contains clock masks that can 
turn on/off the user interface of a peripheral as well as prescalers for the CPU and bus clocks. 


Figure 13-2 shows an example where SERCOMO is clocked by the DFLL48M in open loop mode. The DFLL48M is 
enabled, the Generic Clock Generator 1 uses the DFLL48M as its clock source, and the generic clock 20, also called 
GCLK_SERCOM0_CORE, that is connected to SERCOMO uses generator 1 as its source. The SERCOMO interface, 
clocked by CLK_SERCOMO0O_APB, has been unmasked in the APBC Mask register in the PM. 
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13.2 


Figure 13-2. Example of SERCOM clock 
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As the CPU and the peripherals can be clocked from different clock sources, possibly with widely different clock 
speeds, some peripheral accesses by the CPU needs to be synchronized between the different clock domains. In 
these cases the peripheral includes a SYNCBUSY status flag that can be used to check if a sync operation is in 
progress. As the nature of the synchronization might vary between different peripherals, detailed description for each 
peripheral can be found in the sub-chapter “synchronization” for each peripheral where this is necessary. 


In the datasheet references to synchronous clocks are referring to the CPU and bus clocks, while asynchronous 
clocks are clock generated by generic clocks. 


Register Synchronization 


There are two different register synchronization schemes implemented on this device: some modules use a common 
synchronizer register synchronization scheme, while other modules use a distributed synchronizer register 
synchronization scheme. 


The modules using a common synchronizer register synchronization scheme are: GCLK, WDT, RTC, EIC, TC, ADC, 
AC, DAC. 


The modules using a distributed synchronizer register synchronization scheme are: SERCOM USART, SERCOM 
SPI, SERCOM I2C, I2S, TCC, USB. 


13.3.1 Common Synchronizer Register Synchronization 


13.3.1.1 Overview 


All peripherals are composed of one digital bus interface, which is connected to the APB or AHB bus and clocked 
using a corresponding synchronous clock, and one core clock, which is clocked using a generic clock. Access 
between these clock domains must be synchronized. As this mechanism is implemented in hardware the 
synchronization process takes place even if the different clocks domains are clocked from the same source and on 
the same frequency. All registers in the bus interface are accessible without synchronization. All core registers in the 
generic clock domain must be synchronized when written. Some core registers must be synchronized when read. 
Registers that need synchronization has this denoted in each individual register description. Two properties are used: 
write-synchronization and read-synchronization. 


A common synchronizer is used for all registers in one peripheral, as shown in Figure 13-3. Therefore, only one 
register per peripheral can be synchronized at a time. 
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Figure 13-3. Synchronization 
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13.3.1.2 Write-Synchronization 


The write-synchronization is triggered by a write to any generic clock core register. The Synchronization Busy bit in 
the Status register (STATUS.SYNCBUSY) will be set when the write-synchronization starts and cleared when the 
write-synchronization is complete. Refer to “Synchronization Delay” on page 84 for details on the synchronization 
delay. 
When the write-synchronization is ongoing (STATUS.SYNCBUSY is one), any of the following actions will cause the 
peripheral bus to stall until the synchronization is complete: 

e Writing a generic clock core register 

e Reading a read-synchronized core register 

e Reading the register that is being written (and thus triggered the synchronization) 
Core registers without read-synchronization will remain static once they have been written and synchronized, and can 
be read while the synchronization is ongoing without causing the peripheral bus to stall. APB registers can also be 
read while the synchronization is ongoing without causing the peripheral bus to stall. 
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13.3.1.3 Read-Synchronization 


Reading a read-synchronized core register will cause the peripheral bus to stall immediately until the read- 
synchronization is complete. STATUS.SYNCBUSY will not be set. Refer to “Synchronization Delay” on page 84 for 
details on the synchronization delay. Note that reading a read-synchronized core register while STATUS.SYNCBUSY 
is one will cause the peripheral bus to stall twice; first because of the ongoing synchronization, and then again 
because reading a read-synchronized core register will cause the peripheral bus to stall immediately. 


13.3.1.4 Completion of synchronization 


The user can either poll STATUS.SYNCBUSY or use the Synchronisation Ready interrupt (if available) to check when 
the synchronization is complete. It is also possible to perform the next read/write operation and wait, as this next 
operation will be started once the previous write/read operation is synchronized and/or complete. 


13.3.1.5 Read Request 


The read request functionality is only available to peripherals that have the Read Request register (READREQ) 
implemented. Refer to the register description of individual peripheral chapters for details. 


To avoid forcing the peripheral bus to stall when reading read-synchronized core registers, the read request 
mechanism can be used. 


Basic Read Request 


Writing a one to the Read Request bit in the Read Request register (READREQ.RREQ) will request read- 
synchronization of the register specified in the Address bits in READREQ (READREQ.ADDR) and set 
STATUS.SYNCBUSY. When read-synchronization is complete, STATUS.SYNCBUSY is cleared. The read- 
synchronized value is then available for reading without delay until READREQ.RREQ is written to one again. 


The address to use is the offset to the peripheral's base address of the register that should be synchronized. 
Continuous Read Request 


Writing a one to the Read Continuously bit in READREQ (READREQ.RCONT) will force continuous read- 
synchronization of the register specified in READREQ.ADDR. The latest value is always available for reading without 
stalling the bus, as the synchronization mechanism is continuously synchronizing the given value. 


SYNCBUSY is set for the first synchronization, but not for the subsequent synchronizations. If another 
synchronization is attempted, i.e. by executing a write-operation of a write-synchronized register, the read request will 
be stopped, and will have to be manually restarted. 


Note that continuous read-synchronization is paused in sleep modes where the generic clock is not running. This 
means that a new read request is required if the value is needed immediately after exiting sleep. 


13.3.1.6 Enable Write-Synchronization 


Writing to the Enable bit in the Control register (CTRL.ENABLE) will also trigger write-synchronization and set 
STATUS.SYNCBUSY. CTRL.ENABLE will read its new value immediately after being written. The Synchronisation 
Ready interrupt (if available) cannot be used for Enable write-synchronization. 


When the enable write-synchronization is ongoing (STATUS.SYNCBUSY is one), attempt to do any of the following 
will cause the peripheral bus to stall until the enable synchronization is complete: 

e Writing a core register 

e Writing an APB register 

e Reading a read-synchronized core register 


APB registers can be read while the enable write-synchronization is ongoing without causing the peripheral bus to 
stall. 


13.3.1.7 Software Reset Write-Synchronization 


Writing a one to the Software Reset bit in CTRL (CTRL.SWRST) will also trigger write-synchronization and set 
STATUS.SYNCBUSY. When writing a one to the CTRL.SWRST bit it will immediately read as one. CTRL.SWRST 
and STATUS.SYNCBUSY will be cleared by hardware when the peripheral has been reset. Writing a zero to the 
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CTRL.SWRST bit has no effect. The Synchronisation Ready interrupt (if available) cannot be used for Software Reset 
write-synchronization. 


When the software reset is in progress (STATUS.SYNCBUSY and CTRL.SWRST are one), attempt to do any of the 
following will cause the peripheral bus to stall until the Software Reset synchronization and the reset is complete: 


e Writing a core register 
e Writing an APB register 
e Reading a read-synchronized register 


APB registers can be read while the software reset is being write-synchronized without causing the peripheral bus to 
stall. 


13.3.1.8 Synchronization Delay 


The synchronization will delay the write or read access duration by a delay D, given by the equation: 
5° Pecrk* 2: Papp<D <6 Pecrxt3 Papp 


Where Poc,x is the period of the generic clock and Pp, is the period of the peripheral bus clock. A normal 
peripheral bus register access duration is 2-Pypp . 


13.3.2 Distributed Synchronizer Register Synchronization 


13.3.2.1 Overview 


All peripherals are composed of one digital bus interface, which is connected to the APB or AHB bus and clocked 
using a corresponding synchronous clock, and one core clock, which is clocked using a generic clock. Access 
between these clock domains must be synchronized. As this mechanism is implemented in hardware the 
synchronization process takes place even if the different clocks domains are clocked from the same source and on 
the same frequency. All registers in the bus interface are accessible without synchronization. All core registers in the 
generic clock domain must be synchronized when written. Some core registers must be synchronized when read. 
Registers that need synchronization has this denoted in each individual register description. 


13.3.2.2 General Write synchronization 


Inside the same module, each core register, denoted by the Write-Synchronized property, use its own synchronization 
mechanism so that writing to different core registers can be done without waiting for the end of synchronization of 
previous core register access. 


To write again to the same core register in the same module, user must wait for the end of synchronization or the write 
will be discarded. 


For each core register, that can be written, a synchronization status bit is associated 
Example: 
REGA, REGB are 8-bit core registers. REGC is 16-bit core register. 

















Offset | Register 
0x00 | REGA 
0x01 REGB 
0x02 

oxoa |. RESS 














Since synchronization is per register, user can write REGA (8-bit access) then immediately write REGB (8-bit access) 
without error. 


User can write REGC (16-bit access) without affecting REGA or REGB. But if user writes REGC in two consecutive 8- 
bit accesses, second write will be discarded and generate an error. 
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When user makes a 32-bit access to offset 0x00, all registers are written but REGA, REGB, REGC can be updated at 
a different time because of independent write synchronization 


13.3.2.3 General read synchronization 
Before any read of a core register, the user must check that the related bit in SYNCBUSY register is cleared. 
Read access to core register is always immediate but the return value is reliable only if a synchonization of this core 
register is not going. 

13.3.2.4 Completion of synchronization 
The user can either poll SYNCBUSY register or use the Synchronisation Ready interrupt (if available) to check when 
the synchronization is complete. 

13.3.2.5 Enable Write-Synchronization 


Writing to the Enable bit in the Control register (CTRL.ENABLE) will also trigger write-synchronization and set 
SYNCBUSY.ENABLE. CTRL.ENABLE will read its new value immediately after being written. The Synchronisation 
Ready interrupt (if available) cannot be used for Enable write-synchronization. 


13.3.2.6 Software Reset Write-Synchronization 


Writing a one to the Software Reset bit in CTRL (CTRL.SWRST) will also trigger write-synchronization and set 
SYNCBUSY.SWRST. When writing a one to the CTRL.SWRST bit it will immediately read as one. CTRL.SWRST and 
SYNCBUSY.SWRST will be cleared by hardware when the peripheral has been reset. Writing a zero to the 
CTRL.SWRST bit has no effect. The Synchronisation Ready interrupt (if available) cannot be used for Software Reset 
write-synchronization. 


13.3.2.7 Synchronization Delay 
The synchronization will delay the write or read access duration by a delay D, given by the equation: 
5° Pecrxk* 2: Papp<D <6: Pecrxt3 Papp 


Where Pocyx Is the period of the generic clock and Pp, is the period of the peripheral bus clock. A normal 
peripheral bus register access duration is 2-Pypp, . 


13.4 Enabling a Peripheral 


To enable a peripheral clocked by a generic clock, the following parts of the system needs to be configured: 
e  Arunning clock source. 


e A clock from the Generic Clock Generator must be configured to use one of the running clock sources, and the 
generator must be enabled. 

e The generic clock, through the Generic Clock Multiplexer, that connects to the peripheral needs to be 
configured with a running clock from the Generic Clock Generator, and the generic clock must be enabled. 

e The user interface of the peripheral needs to be unmasked in the PM. If this is not done the peripheral registers 
will read as all 0’s and any writes to the peripheral will be discarded. 
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13.5 On-demand, Clock Requests 


Figure 13-4. Clock request routing 


Clock request : Clock request F Clock request 
DFLL48M Generic Clock Generic Clock Peripheral 
Generator Multiplexer 


All the clock sources in the system can be run in an on-demand mode, where the clock source is in a stopped state 
when no peripherals are requesting the clock source. Clock requests propagate from the peripheral, via the GCLK, to 
the clock source. If one or more peripheral is using a clock source, the clock source will be started/kept running. As 
soon as the clock source is no longer needed and no peripheral have an active request the clock source will be 
stopped until requested again. For the clock request to reach the clock source, the peripheral, the generic clock and 
the clock from the Generic Clock Generator in-between must be enabled. The time taken from a clock request being 
asserted to the clock source being ready is dependent on the clock source startup time, clock source frequency as 
well as the divider used in the Generic Clock Generator. The total startup time from a clock request to the clock is 
available for the peripheral is: 





Delay_start_max = Clock source startup time + 2 * clock source periods + 2 * divided clock source periods 
Delay_start_min = Clock source startup time + 1 * clock source period + 1 * divided clock source period 


The delay for shutting down the clock source when there is no longer an active request is: 


Delay_stop_min = 1 * divided clock source period + 1 * clock source period 
Delay_stop_max = 2 * divided clock source periods + 2 * clock source periods 
The On-Demand principle can be disabled individually for each clock source by clearing the ONDEMAND bit located 


in each clock source controller. The clock is always running whatever is the clock request. This has the effect to 
remove the clock source startup time at the cost of the power consumption. 


In standby mode, the clock request mechanism is still working if the modules are configured to run in standby mode 
(RUNSTDBY bit). 


13.6 Power Consumption vs Speed 
Due to the nature of the asynchronous clocking of the peripherals there are some considerations that needs to be 
taken if either targeting a low-power or a fast-acting system. If clocking a peripheral with a very low clock, the active 
power consumption of the peripheral will be lower. At the same time the synchronization to the synchronous (CPU) 
clock domain is dependent on the peripheral clock speed, and will be longer with a slower peripheral clock; giving 
lower response time and more time waiting for the synchronization to complete. 
13.7 Clocks after Reset 
On any reset the synchronous clocks start to their initial state: 
e OSCE8NM is enabled and divided by 8 
e GCLK_MAIN uses OSC8M as source 
e CPU and BUS clocks are undivided 
On a power reset the GCLK starts to their initial state: 
e All generic clock generators disabled except: 
e the generator 0 (GCLK_MAIN) using OSC8M as source, with no division 
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e the generator 2 using OSCULP32K as source, with no division 
e All generic clocks disabled except: 
e the WDT generic clock using the generator 2 as source 


On a user reset the GCLK starts to their initial state, except for: 


e generic clocks that are write-locked (WRTLOCK is written to one prior to reset or the WDT generic clock if the 
WDT Always-On at power on bit set in the NVM User Row) 


e The generic clock dedicated to the RTC if the RTC generic clock is enabled 


On any reset the clock sources are reset to their initial state except the 32KHz clock sources which are reset only by a 
power reset. 
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14. GCLK — Generic Clock Controller 


14.1. Overview 


Several peripherals may require specific clock frequencies to operate correctly. The Generic Clock Controller consists 
of number of generic clock generators and generic clock multiplexers that can provide a wide range of clock 
frequencies. The generic clock generators can be set to use different external and internal clock sources. The 
selected clock can be divided down in the generic clock generator. The outputs from the generic clock generators are 
used as clock sources for the generic clock multiplexers, which select one of the sources to generate a generic clock 
(GCLK_PERIPHERAL), as shown in Figure 14-2. The number of generic clocks, m, depends on how many 
peripherals the device has. 


14.2 Features 
e Provides generic clocks 
e Wide frequency range 
e Clock source for the generator can be changed on the fly 


14.3. Block Diagram 
The Generic Clock Controller can be seen in the clocking diagram, which is shown in Figure 14-1 . 


Figure 14-1. Device Clocking Diagram 
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The Generic Clock Controller block diagram is shown in Figure 14-2. 
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Figure 14-2. Generic Clock Controller Block Diagram") 





































































































Generic Clock Generator 0 GCLK_MAIN 
= > 
Clock S BEd Clock GCLKGEN(0] Pag 
ock Sources loc - - (I/O output) 
GCLK_IO[0] , Biles & Generic Clock Multiplexer 0 
i asker 
MO npuy rn Clock |_| GCLK_PERIPHERAL(0] 
Gate 
Generic Clock Generator 1 GCLK_IO[1] 
/O output 
Generic Clock Multiplexer 1 ( buy 
Clock 
ae GCLKGEN[1] 
GCLK_IO[1] Tl Divider & Clock GCLK_PERIPHERAL(1] 
(I/O input) Masker Gate > 
Generic Clock Generator n 
GCLK_lO[n] 
Clock GCLKGEN(n] (I/O output) 
Divider & 
GCLK_IO[n] Masker Generic Clock Multiplexer m 
(I/O input) 








Clock GCLK_PERIPHERAL[m] 
Gate 


Note: 1. If the GENCTRL.SRC=GCLKIN the GCLK_IO is set as an input. 





GCLKGEN[n:0] 


14.4 Signal Description 


Signal Name Description 





Source clock when input 


cers?) ele MNuS) Generic clock when output 





Refer to “I/O Multiplexing and Considerations” on page 13 for details on the pin mapping for this peripheral. One 
signal can be mapped on several pins. 


14.5 Product Dependencies 


In order to use this peripheral, other parts of the system must be configured correctly, as described below. 


14.5.1 I/O Lines 
Using the Generic Clock Controller’s I/O lines requires the I/O pins to be configured. Refer to “PORT” on page 378 for 
details. 

14.5.2 Power Management 
The Generic Clock Controller can operate in all sleep modes, if required. Refer to Table 15-4 for details on the 
different sleep modes. 

14.5.3 Clocks 


The Generic Clock Controller bus clock (CLK_GCLK_APB) can be enabled and disabled in the Power Manager, and 
the default state of CLK_GCLK_APB can be found in the Peripheral Clock Masking section in APBAMASK. 
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14.5.4 


14.5.5 


14.5.6 


14.5.7 


14.5.8 


14.5.9 


14.6 


14.6.1 


14.6.2 


DMA 
Not applicable. 


Interrupts 
Not applicable. 


Events 
Not applicable. 


Debug Operation 
Not applicable. 


Register Access Protection 

All registers with write-access are optionally write-protected by the Peripheral Access Controller (PAC). 
Write-protection is denoted by the Write-Protection property in the register description. 

When the CPU is halted in debug mode or the CPU reset is extended, all write-protection is automatically disabled. 


Write-protection does not apply for accesses through an external debugger. Refer to “PAC — Peripheral Access 
Controller” on page 30 for details. 


Analog Connections 


Not applicable. 


Functional Description 


Principle of Operation 
The GCLK module is comprised of eight generic clock generators sourcing m generic clock multiplexers. 


A clock source selected as input to one of the generic clock generators can be used directly, or it can be prescaled in 
the generic clock generator before the generator output is used as input to one or more of the generic clock 
multiplexers. 


A generic clock multiplexer provides a generic clock to a peripheral (GCLK_PERIPHERAL). A generic clock can act 
as the clock to one or several of peripherals. 


Basic Operation 


14.6.2.1 Initialization 


Before a generic clock is enabled, the clock source of its generic clock generator should be enabled. The generic 
clock must be configured as outlined by the following steps: 
1. The generic clock generator division factor must be set by performing a single 32-bit write to the Generic Clock 
Generator Division register (GENDIV): 
e The generic clock generator that will be selected as the source of the generic clock must be written to the 
ID bit group (GENDIV.ID). 


e The division factor must be written to the DIV bit group (GENDIV.DIV) 


Refer to GENDIV register for details. 
2. The generic clock generator must be enabled by performing a single 32-bit write to the Generic Clock Genera- 
tor Control register (GENCTRL): 
e The generic clock generator that will be selected as the source of the generic clock must be written to the 
ID bit group (GENCTRL.ID) 
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e The generic clock generator must be enabled by writing a one to the GENEN bit (GENCTRL.GENEN) 


Refer to GENCTRL register for details. 


3. The generic clock must be configured by performing a single 16-bit write to the Generic Clock Control register 
(CLKCTRL): 


e The generic clock that will be configured must be written to the ID bit group (CLKCTRL.ID) 


e The generic clock generator used as the source of the generic clock must be written to the GEN bit group 
(CLKCTRL.GEN) 


Refer to CLKCTRL register for details. 


14.6.2.2 Enabling, Disabling and Resetting 
The GCLK module has no enable/disable bit to enable or disable the whole module. 


The GCLK is reset by writing a one to the Software Reset bit in the Control register (CTRL.SWRST). All registers in 
the GCLK will be reset to their initial state except for generic clocks and associated generators that have their Write 
Lock bit written to one. Refer to “Configuration Lock” on page 93 for details. 

14.6.2.3 Generic Clock Generator 


Each generic clock generator (GCLKGEN) can be set to run from one of eight different clock sources except 
GCLKGEN|1] which can be set to run from one of seven sources. GCLKGEN|[1] can act as source to the other generic 
clock generators but can not act as source to itself. 


Each generic clock generator GCLKGEN|x] can be connected to one specific GCLK_IO[x] pin. The GCLK_IO[x] can 
be set to act as source to GCLKGEN|[x] or GCLK_IO[x] can be set up to output the clock generated by GCLKGEN[x]. 


The selected source (GCLKGENSRC see Figure 14-3) can optionally be divided. Each generic clock generator can 
be independently enabled and disabled. 


Each GCLKGEN clock can then be used as a clock source for the generic clock multiplexers. Each generic clock is 
allocated to one or several peripherals. 


GCLKGEN|(0], is used as GCLK_MAIN for the synchronous clock controller inside the Power Manager. 


Refer to “PIM — Power Manager” on page 110 for details on the synchronous clock generation. 


Figure 14-3. Generic Clock Generator 
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14.6.2.4 Enabling a Generic Clock Generator 


A generic clock generator is enabled by writing a one to the Generic Clock Generator Enable bit in the Generic Clock 
Generator Control register (GENCTRL.GENEN). 
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14.6.2.5 Disabling a Generic Clock Generator 


A generic clock generator is disabled by writing a zero to GENCTRL.GENEN. When GENCTRL.GENEN is read as 
zero, the GCLKGEN clock is disabled and clock gated. 


14.6.2.6 Selecting a Clock Source for the Generic Clock Generator 


Each generic clock generator can individually select a clock source by writing to the Source Select bit group in 
GENCTRL (GENCTRL.SRC). Changing from one clock source, A, to another clock source, B, can be done on the fly. 
If clock source B is not ready, the generic clock generator will continue running with clock source A. As soon as clock 
source B is ready, however, the generic clock generator will switch to it. During the switching, the generic clock 
generator holds clock requests to clock sources A and B and then releases the clock source A request when the 
switch is done. 


The available clock sources are device dependent (usually the crystal oscillators, RC oscillators, PLL and DFLL 
clocks). GCLKGEN|[1] can be used as a common source for all the generic clock generators except generic clock 
generator 1. 


14.6.2.7 Changing Clock Frequency 
The selected generic clock generator source, GENCLKSRC can optionally be divided by writing a division factor in the 
Division Factor bit group in the Generic Clock Generator Division register (GENDIV.DIV). 
Depending on the value of the Divide Selection bit in GENCTRL (GENCTRL.DIVSEL), it can be interpreted in two 
ways by the integer divider. 
Note that the number of DIV bits for each generic clock generator is device dependent. 


Refer to Table 14-10 for details. 


14.6.2.8 Duty Cycle 


When dividing a clock with an odd division factor, the duty-cycle will not be 50/50. Writing a one to the Improve Duty 
Cycle bit in GENCTRL (GENCTRL.IDC) will result in a 50/50 duty cycle. 


14.6.2.9 Generic Clock Output on I/O Pins 


Each Generic Clock Generator's output can be directed to a GCLK_IO pin. If the Output Enable bit in GENCTRL 
(GENCTRL.OE) is one and the generic clock generator is enabled (GENCTRL.GENEN is one), the generic clock 
generator requests its clock source and the GCLKGEN clock is output to a GCLK_IO pin. If GENCTRL.OE is zero, 
GCLK_IO is set according to the Output Off Value bit. If the Output Off Value bit in GENCTRL (GENCTRL.OOV) is 
zero, the output clock will be low when generic clock generator is turned off. If GENCTRL.OOV is one, the output 
clock will be high when generic clock generator is turned off. 


In standby mode, if the clock is output (GENCTRL.OE is one), the clock on the GCLK_IO pin is frozen to the OOV 
value if the Run In Standby bit in GENCTRL (GENCTRL.RUNSTDBY) is zero. If GENCTRL.RUNSTDBY is one, the 
GCLKGEN clock is kept running and output to GCLK_IO. 
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14.6.3 Generic Clock 
Figure 14-4. Generic Clock Multiplexer 
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14.6.3.1 Enabling a Generic Clock 


Before a generic clock is enabled, one of the generic clock generators must be selected as the source for the generic 
clock by writing to CLKCTRL.GEN. The clock source selection is individually set for each generic clock. 


When a generic clock generator has been selected, the generic clock is enabled by writing a one to the Clock Enable 
bit in CLKCTRL (CLKCTRL.CLKEN). The CLKCTRL.CLKEN bit must be synchronized to the generic clock domain. 
CLKCTRL.CLKEN will continue to read as its previous state until the synchronization is complete. 

14.6.3.2 Disabling a Generic Clock 
A generic clock is disabled by writing a zero to CLKCTRL.CLKEN. The SYNCBUSY bit will be cleared when this write- 
synchronization is complete. CLKCTRL.CLKEN will continue to read as its previous state until the synchronization is 
complete. When the generic clock is disabled, the generic clock is clock gated. 

14.6.3.3 Selecting a Clock Source for the Generic Clock 


When changing a generic clock source by writing to CLKCTRL.GEN, the generic clock must be disabled before being 
re-enabled with the new clock source setting. This prevents glitches during the transition: 


a. Write a zero to CLKCTRL.CLKEN 

b. Wait until CLKCTRL.CLKEN reads as zero 

c. Change the source of the generic clock by writing CLKCTRL.GEN 
d. Re-enable the generic clock by writing a one to CLKCTRL.CLKEN 


14.6.3.4 Configuration Lock 


The generic clock configuration is locked for further write accesses by writing the Write Lock bit (WRTLOCK) in the 
CLKCTRL register. All writes to the CLKCTRL register will be ignored. It can only be unlocked by a power reset. 


The generic clock generator sources of a locked generic clock are also locked. The corresponding GENCTRL and 
GENDIV are locked, and can be unlocked only by a power reset. 


There is one exception concerning the GCLKGENJ[O]. As it is used as GCLK_MAIN, it can not be locked. It is reset by 
any reset to startup with a known configuration. 


The SWRST can not unlock the registers. 


14.6.4 Additional Features 


14.6.4.1 Indirect Access 


The Generic Clock Generator Control and Division registers (GENCTRL and GENDIV) and the Generic Clock Control 
register (CLKCTRL) are indirectly addressed as shown in Figure 14-5. 


Atmel | SMART SAM D11 [DATASHEET 93 
Atmel | 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





Figure 14-5. GCLK Indirect Access 
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Writing these registers is done by setting the corresponding ID bit group. 


To read a register, the user must write the ID of the channel, i, in the corresponding register. The value of the register 
for the corresponding ID is available in the user interface by a read access. 


For example, the sequence to read the GENCTRL register of generic clock generator i is: 
a. Doan 8-bit write of the i value to GENCTRL.ID 
b. Read GENCTRL 
14.6.4.2 Generic Clock Enable after Reset 


The Generic Clock Controller must be able to provide a generic clock to some specific peripherals after a reset. That 
means that the configuration of the generic clock generators and generic clocks after reset is device-dependent. 


Refer to Table 14-8 and Table 14-9 for details on GENCTRL reset. 
Refer to Table 14-12 and Table 14-13 for details on GENDIV reset. 
Refer to Table 14-4 and Table 14-5 for details on CLKCTRL reset. 


14.6.5 Sleep Mode Operation 


14.6.5.1 SleepWalking 


The GCLK module supports the SleepWalking feature. During a sleep mode where the generic clocks are stopped, a 
peripheral that needs its generic clock to execute a process must request it from the Generic Clock Controller. 


The Generic Clock Controller will receive this request and then determine which generic clock generator is involved 
and which clock source needs to be awakened. It then wakes up the clock source, enables the generic clock 
generator and generic clock stages successively and delivers the generic clock to the peripheral. 


14.6.5.2 Run in Standby Mode 


In standby mode, the GCLK can continuously output the generic clock generator output to GCLK_IO. 
Refer to “Generic Clock Output on I/O Pins” on page 92 for details. 


14.6.6 Synchronization 
Due to the asynchronicity between CLK_GCLK_APB and GCLKGENSRC some registers must be synchronized when 
accessed. A register can require: 
e Synchronization when written 
e Synchronization when read 
e Synchronization when written and read 
e No synchronization 
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When executing an operation that requires synchronization, the Synchronization Busy bit in the Status register 
(STATUS.SYNCBUSY) will be set immediately, and cleared when synchronization is complete. 


If an operation that requires synchronization is executed while STATUS.SYNCBUSY is one, the bus will be stalled. All 
operations will complete successfully, but the CPU will be stalled and interrupts will be pending as long as the bus is 
stalled. 


The following registers need synchronization when written: 

e Generic Clock Generator Control register (GENCTRL) 

e Generic Clock Generator Division register (GENDIV) 

e Control register (CTRL) 
Write-synchronization is denoted by the Write-Synchronization property in the register description. 
Refer to “Register Synchronization” on page 871 for further details. 
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14.7 Register Summary 
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Table 14-1. Register Summary 
Bit 
Offset Name Pos. 
Ox0 CTRL 7:0 SWRST 
0x1 STATUS 7:0 SYNCBUSY 
Ox2 7:0 ID[5:0] 
CLKCTRL 
0x3 15:8 WRTLOCK CLKEN GEN{[B:0] 
Ox4 7:0 ID[3:0] 
Ox5 15:8 SRC[4:0] 
GENCTRL 
Ox6 23:16 RUNSTDBY DIVSEL OE OOV IDC GENEN 
Ox7 31:24 
Ox8 7:0 ID[3:0] 
Ox9 15:8 DIV[7:0] 
GENDIV 
OxA 23:16 DIV[15:8] 
OxB 31:24 
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14.8 Register Description 


Registers can be 8, 16 or 32 bits wide. Atomic 8-, 16- and 32-bit accesses are supported. In addition, the 8-bit quarters 
and 16-bit halves of a 32-bit register and the 8-bit halves of a 16-bit register can be accessed directly. 


Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Write-protection is denoted by 
the Write-protected property in each individual register description. Refer to “Register Access Protection” on page 90 for 
details. 

Some registers require synchronization when read and/or written. Synchronization is denoted by the Write-Synchronized 
or the Read-Synchronized property in each individual register description. Refer to “Synchronization” on page 94 for 
details. 
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14.8.1 Control 


Name: CTRL 
Offset: 0x0 
Reset: 0x00 


Access: Read-Write 
Property: Write-Protected, Write-Synchronized 


Bit 7 6 5 4 3 2 1 0 

re 
Access R R R R R R R R/W 
Reset 0 0 0 0 0 0 0 0 


e_ Bits 7:1 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 0 - SWRST: Software Reset 
0: There is no reset operation ongoing. 


1: There is a reset operation ongoing. 
Writing a zero to this bit has no effect. 


Writing a one to this bit resets all registers in the GCLK to their initial state after a power reset, except for generic 
clocks and associated generators that have their WRTLOCK bit in CLKCTRL read as one. 


Refer to Table 14-8 for details on GENCTRL reset. 

Refer to Table 14-12 for details on GENDIV reset. 

Refer to Table 14-4 for details on CLKCTRL reset. 

Due to synchronization, there is a delay from writing CTRL.SWRST until the reset is complete. CTRL.SWRST and 
STATUS.SYNCBUSY will both be cleared when the reset is complete. 
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14.8.2 Status 
Name: STATUS 
Offset: 0x1 
Reset: 0x00 
Access: Read-Only 
Property: - 
Bit 


7 6 5 4 3 2 1 0 
R R R R R R R R 


Reset 0 


Access 


e Bit 7-—SYNCBUSY: Synchronization Busy Status 
This bit is cleared when the synchronization of registers between the clock domains is complete. 


This bit is set when the synchronization of registers between clock domains is started. 


e Bits 6:0 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
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14.8.3 Generic Clock Control 
Name: CLKCTRL 
Offset: Ox2 
Reset: 0x0000 
Access: Read-Write 
Property: Write-Protected 


Bit 15 14 13 12 11 10 9 8 
Sg ae 

Access R/W R/W R R R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 
a 

Access R R R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


This register allows the user to configure one of the generic clocks, as specified in the CLKCTRL.ID bit group. To write to 
the CLKCTRL register, do a 16-bit write with all configurations and the ID. 


To read the CLKCTRL register, first do an 8-bit write to the CLKCTRL.ID bit group with the ID of the generic clock whose 
configuration is to be read, and then read the CLKCTRL register. 


e Bit 15-—- WRTLOCK: Write Lock 
When this bit is written, it will lock from further writes the generic clock pointed to by CLKCTRL.ID, the generic 
clock generator pointed to in CLKCTRL.GEN and the division factor used in the generic clock generator. It can 
only be unlocked by a power reset. 
One exception to this is generic clock generator 0, which cannot be locked. 
0: The generic clock and the associated generic clock generator and division factor are not locked. 
1: The generic clock and the associated generic clock generator and division factor are locked. 


e Bit 14- CLKEN: Clock Enable 
This bit is used to enable and disable a generic clock. 


0: The generic clock is disabled. 
1: The generic clock is enabled. 


e Bits 13:12 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 11:8 - GEN[3:0]: Generic Clock Generator 


Table 14-2. Generic Clock Generator 














GEN[3:0] Description 
0x0 | GCLKO Generic clock generator 0 
0x1 | GCLK1 Generic clock generator 1 | 
Ox2 | GCLK2 Generic clock generator 2 | 
Atmel ee ee 





Table 14-2. Generic Clock Generator (Continued) 


GEN[3:0] 


Name 


DY =X-Yoq |e) d(eya) 




















0x3 GCLK3 Generic clock generator 3 

0x4 GCLK4 Generic clock generator 4 

0x5 GCLK5 Generic clock generator 5 
Ox6 - OxF Reserved 











e Bits 7:6 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 5:0 — ID[5:0]: Generic Clock Selection ID 


These bits select the Generic Clock that needs to be configured, as shown in Table 14-3. 


Table 14-3. Generic Clock Selection ID 



























































ID[5:0] Name Module Instance 

0x0 GCLK_DFLL48M_REF DFLL48MReference 

0x1 GCLK_DPLL FDPLL96M input clock source for reference 

0x2 GCLK_DPLL_32K FDPLL96M 32kHz clock for FDPLL96M internal lock timer 
0x3 GCLK_WDT WDT 

0x4 GCLK_RTC RTC 

Ox5 GCLK_EIC EIC 

Ox6 GCLK_USB USB 

0x07 GCLK_EVSYS_CHANNEL_0 EVSYS_CHANNEL_0 

0x08 GCLK_EVSYS_CHANNEL_1 EVSYS_CHANNEL_1 

0x09 GCLK_EVSYS_CHANNEL _2 EVSYS_ CHANNEL _2 
Ox0A GCLK_EVSYS_CHANNEL_3 EVSYS_CHANNEL_3 

0x0B GCLK_EVSYS_CHANNEL 4 EVSYS_ CHANNEL 4 

0x0C GCLK_EVSYS_CHANNEL_5 EVSYS_CHANNEL_5 

0x0D GCLK_SERCOMx_SLOW SERCOMx_SLOW 

Ox0E GCLK_SERCOM0O_CORE SERCOM0O_CORE 

OXOF GCLK_SERCOM1_CORE SERCOM1_CORE 

0x10 GCLK_SERCOM2_CORE SERCOM2_CORE 

0x11 GCLK_TCCO TCCO 

0x12 GCLK_TCC1, GCLK_TC2 TC1,TC2 

0x13 GCLK_ADC ADC 
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Table 14-3. Generic Clock Selection ID (Continued) 























|B) Feet) | Name Module Instance 
0x14 GCLK_AC_DIG AC_DIG 
0x15 GCLK_AC_ANA AC_ANA 
0x16 GCLK_DAC DAC 
0x17 | GCLK_PTC | PTC 
0x18-0x3F Reserved 














A power reset will reset the CLKCTRL register for all IDs, including the RTC. If the WRTLOCK bit of the corresponding ID 


is zero and the ID is not the RTC, a user reset will reset the CLKCTRL register for this ID. 


After a power reset, the reset value of the CLKCTRL register versus module instance is as shown in Table 14-4. 


Table 14-4. CLKCTRL Reset Value after a Power Reset 


Reset Value after a Power Reset 











Module Instance | CLKCTRL.GEN CLKCTRL.CLKEN CLKCTRL.WRTLOCK 
RTC 0x00 0x00 0x00 
0x01 if WDT Enable bit in NVM 0x01 if WDT Always-On bit in 
WDT 0x02 User Row written to one NVM User Row written to one 
0x00 if WDT Enable bit in NVM 0x00 if WDT Always-On bit in 
User Row written to zero NVM User Row written to zero 
_ Others 0x00 0x00 0x00 




















After a user reset, the reset value of the CLKCTRL register versus module instance is as shown in Table 14-5. 


Table 14-5. CLKCTRL Reset Value after a User Reset 


Reset Value after a User Reset 





























Module Instance fo] (on {Ec} =| CLKCTRL.CLKEN CLKCTRL.WRTLOCK 
0x00 if WRTLOCK=0 and ~ 0x00 if WRTLOCK=0 and 
RTC CLKEN=0 CLKEN=0 Ne change 
No change if WRTLOCK=1 No change if WRTLOCK=1 g 
or CLKEN=1 or CLKEN=1 
If WRTLOCK=0 
0x01 if WDT Enable bit in NVM User 
WDT 0x02 if WRTLOCK=0 Row written to one Nie change 
No change if WRTLOCK=1 0x00 if WDT Enable bit in NVM User g 
Row written to zero 
If WRTLOCK=1 no change 
Others 0x00 if WRTLOCK=0 | 0x00 if WRTLOCK=0 Newcharde 
No change if WRTLOCK=1 — No change if WRTLOCK=1 g 
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14.8.4 Generic Clock Generator Control 
Name: GENCTRL 
Offset: 0x4 
Reset: 0x00000000 
Access: Read-Write 
Property: Write-Protected, Write-Synchronized 


Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R R R R R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to configure one of the generic clock generators, as specified in the GENCTRL.ID bit group. 
To write to the GENCTRL register, do a 32-bit write with all configurations and the ID. 


To read the GENCTRL register, first do an 8-bit write to the GENCTRL.ID bit group with the ID of the generic clock 
generator those configuration is to be read, and then read the GENCTRL register. 


e Bits 31:22 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 21-— RUNSTDBY: Run in Standby 
This bit is used to keep the generic clock generator running when it is configured to be output to its dedicated 
GCLK_IO pin. If GENCTRL.OE is zero, this bit has no effect and the generic clock generator will only be running if 
a peripheral requires the clock. 
0: The generic clock generator is stopped in standby and the GCLK_IO pin state (one or zero) will be dependent 
on the setting in GENCTRL.OOV. 
1: The generic clock generator is kept running and output to its dedicated GCLK_IO pin during standby mode. 
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Bit 20 — DIVSEL: Divide Selection 

This bit is used to decide how the clock source used by the generic clock generator will be divided. If the clock 
source should not be divided, the DIVSEL bit must be zero and the GENDIV.DIV value for the corresponding 
generic clock generator must be zero or one. 


0: The generic clock generator equals the clock source divided by GENDIV.DIV. 
1: The generic clock generator equals the clock source divided by 2“(GENDIV.DIV+1). 


Bit 19 - OE: Output Enable 
This bit is used to enable output of the generated clock to GCLK_IO when GCLK_IO is not selected as a source in 
the GENCLK.SRC bit group. 


0: The generic clock generator is not output. 


1: The generic clock generator is output to the corresponding GCLK_IO, unless the corresponding GCLK_IO is 
selected as a source in the GENCLK.SRC bit group. 


Bit 18 - OOV: Output Off Value 

This bit is used to control the value of GCLK_IO when GCLK_1IO is not selected as a source in the GENCLK.SRC 
bit group. 

0: The GCLK_IO will be zero when the generic clock generator is turned off or when the OE bit is zero. 

1: The GCLK_IO will be one when the generic clock generator is turned off or when the OE bit is zero. 


Bit 17 - IDC: Improve Duty Cycle 

This bit is used to improve the duty cycle of the generic clock generator when odd division factors are used. 
0: The generic clock generator duty cycle is not 50/50 for odd division factors. 

1: The generic clock generator duty cycle is 50/50. 


Bit 16 - GENEN: Generic Clock Generator Enable 
This bit is used to enable and disable the generic clock generator. 


0: The generic clock generator is disabled. 
1: The generic clock generator is enabled. 


Bits 15:13 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bits 12:8 - SRC[4:0]: Source Select 
hese bits define the clock source to be used as the source for the generic clock generator, as shown in Table 14-6. 


Table 14-6. Source Select 

















WEVLUT=) Name Description 
0x00 XOSC XOSC oscillator output 

0x01 GCLKIN | Generator input pad 
0x02 GCLKGEN1 Generic clock generator 1 output 
0x03 OSCULP32K OSCULP32K oscillator output 
0x04 OSC32K OSC32K oscillator output 
0x05 XOSC32K XOSC32K oscillator output 
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Table 14-6. Source Select (Continued) 

















WEVLUT=) Name DY =X-Yoq do} t(eya) 

0x06 OSC8M OSC8M oscillator output 

0x07 DFLL48M DFLL48M output 

0x08 FDPLL96M FDPLL96M output 
0x09-0x1F Reserved Reserved for future use 

















e Bits 7:4 -— Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 3:0 — ID[3:0]: Generic Clock Generator Selection 
These bits select the generic clock generator that will be configured or read. The value of the ID bit group versus 
which generic clock generator is configured is shown in Table 14-7. 


Table 14-7. Generic Clock Generator Selection 





























NEV LUT=) Name DY =X-Yerg | ey d(eya) 
0x0 GCLKGENO Generic clock generator 0 
0x1 GCLKGEN1 Generic clock generator 1 
0x2 GCLKGEN2 Generic clock generator 2 
0x3 GCLKGEN3 Generic clock generator 3 
0x4 GCLKGEN4 Generic clock generator 4 
0x5 GCLKGEN5 _, || Generic clock generator 5 
Ox6 - OxF Reserved 

















A power reset will reset the GENCTRL register for all IDs, including the generic clock generator used by the RTC. Ifa 
generic clock generator ID other than generic clock generator 0 is not a source of a “locked” generic clock or a source of 
the RTC generic clock, a user reset will reset the GENCTRL for this ID. 


After a power reset, the reset value of the GENCTRL register is as shown in Table 14-8. 


Table 14-8. GENCTRL Reset Value after a Power Reset 

















0x00 0x00010600 
0x01 0x00000001 
0x02 0x0001 0302 
0x03 0x00000003 
0x04 0x00000004 
0x05 0x00000005 














After a user reset, the reset value of the GENCTRL register is as shown in Table 14-9. 
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Table 14-9. GENCTRL Reset Value after a User Reset 


(e{09 Wl @ey-Yal-ve-1ke) a |B) Reset Value after a User Reset 


0x00 


0x00010600 





0x01 


0x00000001 if the generator is not used by the RTC 
No change if the generator is used by the RTC or used by a GCLK with a WRTLOCK as one 





0x02 


0x00010302 if the generator is not used by the RTC 
No change if the generator is used by the RTC or used by a GCLK with a WRTLOCK as one 





0x03 


0x00000003 if the generator is not used by the RTC 
No change if the generator is used by the RTC or used by a GCLK with a WRTLOCK as one 





0x04 


0x00000004 if the generator is not used by the RTC 
No change if the generator is used by the RTC or used by a GCLK with a WRTLOCK as one 





0x05 








0x00000005 if the generator is not used by the RTC 
No change if the generator is used by the RTC or used by a GCLK with a WRTLOCK as one 
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14.8.5 Generic Clock Generator Division 
Name: GENDIV 
Offset: 0x8 
Reset: 0x00000000 
Access: Read-Write 


Property: - 

Bit 31 30 29 28 27 26 25 24 

Access R R R R R R R R 

Reset 0 0 0 0 0 0 0 0 

Bit 23 22 21 20 19 18 17 16 
DIV[15:8] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 15 14 13 12 11 10 9 8 
DIV[7:0] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 

Access R R R R R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


This register allows the user to configure one of the generic clock generators, as specified in the GENDIV.ID bit group. 
To write to the GENDIV register, do a 32-bit write with all configurations and the ID. 


To read the GENDIV register, first do an 8-bit write to the GENDIV.ID bit group with the ID of the generic clock generator 
whose configuration is to be read, and then read the GENDIV register. 


e Bits 31:24 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 23:8 — DIV[15:0]: Division Factor 
These bits apply a division on each selected generic clock generator. The number of DIV bits each generator has 
can be seen in Table 14-10. Writes to bits above the specified number will be ignored. 
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Table 14-10. Division Factor 














Generator Division Factor Bits 

Generic clock generator 0 8 division factor bits - DIV[7:0] 
Generic clock generator 1 16 division factor bits - DIV[15:0] 
Generic clock generators 2 5 division factor bits - DIV[4:0] 
Generic clock generators 3-8 8 division factor bits - DIV[7:0] 














e Bits 7:4 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 3:0 — ID[3:0]: Generic Clock Generator Selection 
These bits select the generic clock generator on which the division factor will be applied, as shown in Table 14-11. 


Table 14-11. Generic Clock Generator Selection 


























ID[3:0] Name Description 
0x0 GCLKGENO Generic clock generator 0 
0x1 GCLKGEN1 Generic clock generator 1 
0x2 GCLKGEN2 Generic clock generator 2 
0x3 GCLKGEN3 i Generic clock generator 3 
0x4 GCLKGEN4 Generic clock generator 4 
0x5 GCLKGEN5 Generic clock generator 5 
Ox6 - OxF Reserved 

















A power reset will reset the GENDIV register for all IDs, including the generic clock generator used by the RTC. Ifa 
generic clock generator ID other than generic clock generator 0 is not a source of a ,“locked” generic clock or a source of 
the RTC generic clock, a user reset will reset the GENDIV for this ID. 


After a power reset, the reset value of the GENDIV register is as shown in Table 14-12. 


Table 14-12. GENDIV Reset Value after a Power Reset 

















0x00 0x00000000 
0x01 0x00000001 
0x02 0x00000002 
0x03 0x00000003 
0x04 0x00000004 
0x05 0x00000005 














After a user reset, the reset value of the GENDIV register is as shown in Table 14-13. 
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Table 14-13. GENDIV Reset Value after a User Reset 


(e{09 Ml @ey-Yal-ye-1ke) a |B) Reset Value after a User Reset 


0x00 


0x00000000 





0x01 


0x00000001 if the generator is not used by the RTC and not a source of a ‘locked’ generic clock 
No change if the generator is used by the RTC or used by a GCLK with a WRTLOCK as one 





0x02 


0x00000002 if the generator is not used by the RTC and not a source of a 'locked' generic clock 
No change if the generator is used by the RTC or used by a GCLK with a WRTLOCK as one 





0x03 


0x00000003 if the generator is not used by the RTC and not a source of a ‘locked’ generic clock 
No change if the generator is used by the RTC or used by a GCLK with a WRTLOCK as one 





0x04 


0x00000004 if the generator is not used by the RTC and not a source of a 'locked' generic clock 
No change if the generator is used by the RTC or used by a GCLK with a WRTLOCK as one 





0x05 








0x00000005 if the generator is not used by the RTC and not a source of a ‘locked’ generic clock 
No change if the generator is used by the RTC or used by a GCLK with a WRTLOCK as one 
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15. 


PM — Power Manager 


15.1 Overview 
The Power Manager (PM) controls the reset, clock generation and sleep modes of the microcontroller. 
Utilizing a main clock chosen from a large number of clock sources from the GCLK, the clock controller provides 
synchronous system clocks to the CPU and the modules connected to the AHB and the APBx bus. The synchronous 
system clocks are divided into a number of clock domains; one for the CPU and AHB and one for each APBx. Any 
synchronous system clock can be changed at run-time during normal operation. The clock domains can run at 
different speeds, enabling the user to save power by running peripherals at a relatively low clock frequency, while 
maintaining high CPU performance. In addition, the clock can be masked for individual modules, enabling the user to 
minimize power consumption. If for some reason the main clock stops oscillating, the clock failure detector allows 
switching the main clock to the safe OSC8M clock. 
Before entering the STANDBY sleep mode the user must make sure that a significant amount of clocks and 
peripherals are disabled, so that the voltage regulator is not overloaded. This is because during STANDBY sleep 
mode the internal voltage regulator will be in low power mode. 
Various sleep modes and clock gating are provided in order to fit power consumption requirements. This enables the 
microcontroller to stop unused modules to save power. In ACTIVE mode, the CPU is executing application code. 
When the device enters a sleep mode, program execution is stopped and some modules and clock domains are 
automatically switched off by the PM according to the sleep mode. The application code decides which sleep mode to 
enter and when. Interrupts from enabled peripherals and all enabled reset sources can restore the microcontroller 
from a sleep mode to ACTIVE mode. 
The PM also contains a reset controller, which collects all possible reset sources. It issues a microcontroller reset and 
sets the device to its initial state, and allows the reset source to be identified by software. 
15.2 Features 
e Reset control 
e Reset the microcontroller and set it to an initial state according to the reset source 
e Multiple reset sources 
e Power reset sources: POR, BOD12, BOD33 
e User reset sources: External reset (RESET), Watchdog Timer reset, software reset 
e Reset status register for reading the reset source from the application code 
e Clock control 
e Controls CPU, AHB and APB system clocks 
e Multiple clock sources and division factor from GCLK 
e Clock prescaler with 1x to 128x division 
e Safe run-time clock switching from GCLK 
e Module-level clock gating through maskable peripheral clocks 
e Clock failure detector 
e Power management control 
e Sleep modes: IDLE, STANDBY 
e@ SleepWalking support on GCLK clocks 
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15.3 Block Diagram 


Figure 15-1. PM Block Diagram 
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15.4 Signal Description 


Signal Name Description 





RESET Digital input External reset 





Refer to “!/O Multiplexing and Considerations” on page 13 for details on the pin mapping for this peripheral. One 
signal can be mapped on several pins. 


15.5 Product Dependencies 


In order to use this peripheral, other parts of the system must be configured correctly, as described below. 


15.5.1 I/O Lines 
Not applicable. 


15.5.2 Power Management 


Not applicable. 
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15.5.3 


Clocks 


The PM bus clock (CLK_PM_APB) can be enabled and disabled in the power manager, and the default state of 
CLK_PM_APB can be found in Table 15-1. If this clock is disabled in the Power Manager, it can only be re-enabled by 
a reset. 


A generic clock (GCLK_MAIN) is required to generate the main clock. The clock source for GCLK_MAIN is configured 
by default in the Generic Clock Controller, and can be re-configured by the user if needed. Refer to “GCLK — Generic 
Clock Controller” on page 88 for details. 


15.5.3.1 Main Clock 


The main clock (CLK_MAIN) is the common source for the synchronous clocks. This is fed into the common 8-bit 
prescaler that is used to generate synchronous clocks to the CPU, AHB and APBx modules. 


15.5.3.2 CPU Clock 


The CPU clock (CLK_CPU) is routed to the CPU. Halting the CPU clock inhibits the CPU from executing instructions. 


15.5.3.3 AHB Clock 


The AHB clock (CLK_AHB) is the root clock source used by peripherals requiring an AHB clock. The AHB clock is 
always synchronous to the CPU clock and has the same frequency, but may run even when the CPU clock is turned 
off. A clock gate is inserted from the common AHB clock to any AHB clock of a peripheral. 


15.5.3.4 APBx Clocks 


15.5.4 


15.5.5 


15.5.6 


15.5.7 


15.5.8 


The APBx clock (CLK_APBX) is the root clock source used by modules requiring a clock on the APBx bus. The APBx 
clock is always synchronous to the CPU clock, but can be divided by a prescaler, and will run even when the CPU 
clock is turned off. A clock gater is inserted from the common APB clock to any APBx clock of a module on APBx bus. 
DMA 


Not applicable. 


Interrupts 


The interrupt request line is connected to the Interrupt Controller. Using the PM interrupt requires the Interrupt 
Controller to be configured first. Refer to “Nested Vector Interrupt Controller” on page 26 for details. 


Events 
Not applicable. 


Debug Operation 


When the CPU is halted in debug mode, the PM continues normal operation. In sleep mode, the clocks generated 
from the PM are kept running to allow the debugger accessing any modules. As a consequence, power 
measurements are not possible in debug mode. 


Register Access Protection 
All registers with write access are optionally write-protected by the Peripheral Access Controller (PAC), except the 
following registers: 
e Interrupt Flag register (INTFLAG). Refer to INTFLAG for details 
e Reset Cause register (RCAUSE). Refer to RCAUSE for details 
Write-protection is denoted by the Write-Protection property in the register description. 


Write-protection does not apply for accesses through an external debugger. Refer to “PAC — Peripheral Access 
Controller’ on page 30 for details. 
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15.5.9 Analog Connections 


Not applicable. 


15.6 Functional Description 


15.6.1 Principle of Operation 


15.6.1.1 Synchronous Clocks 


The GCLK_MAIN clock from GCLK module provides the source for the main clock, which is the common root for the 

synchronous clocks for the CPU and APBx modules. The main clock is divided by an 8-bit prescaler, and each of the 

derived clocks can run from any tapping off this prescaler or the undivided main clock, as long as fopy 2 fapp,. The 

synchronous clock source can be changed on the fly to respond to varying load in the application. The clocks for each 

module in each synchronous clock domain can be individually masked to avoid power consumption in inactive 

modules. Depending on the sleep mode, some clock domains can be turned off (see Table 15-4 on page 119). 
15.6.1.2 Reset Controller 


The Reset Controller collects the various reset sources and generates reset for the device. The device contains a 
power-on-reset (POR) detector, which keeps the system reset until power is stable. This eliminates the need for 
external reset circuitry to guarantee stable operation when powering up the device. 


15.6.1.3 Sleep Mode Controller 


In ACTIVE mode, all clock domains are active, allowing software execution and peripheral operation. The PM Sleep 
Mode Controller allows the user to choose between different sleep modes depending on application requirements, to 
save power (see Table 15-4 on page 119). 


15.6.2 Basic Operation 


15.6.2.1 Initialization 


After a power-on reset, the PM is enabled and the Reset Cause (RCAUSE - refer to RCAUSE for details) register 
indicates the POR source. The default clock source of the GCLK_MAIN clock is started and calibrated before the CPU 
starts running. The GCLK_MAIN clock is selected as the main clock without any division on the prescaler. The device 
is in the ACTIVE mode. 


By default, only the necessary clocks are enabled (see Table 15-1). 
15.6.2.2 Enabling, Disabling and Resetting 

The PM module is always enabled and can not be reset. 
15.6.2.3 Selecting the Main Clock Source 

Refer to “GCLK — Generic Clock Controller’ on page 88 for details on how to configure the main clock source. 
15.6.2.4 Selecting the Synchronous Clock Division Ratio 


The main clock feeds an 8-bit prescaler, which can be used to generate the synchronous clocks. By default, the 
synchronous clocks run on the undivided main clock. The user can select a prescaler division for the CPU clock by 
writing the CPU Prescaler Selection bits in the CPU Select register (CPUSEL.CPUDIV), resulting in a CPU clock 
frequency determined by this equation: 


taut 


Sepu = 5CPUDIV 
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Similarly, the clock for the APBx can be divided by writing their respective registers (APBxSEL.APBxDIV). To ensure 
correct operation, frequencies must be selected so that fopy = fapp,x. Also, frequencies must never exceed the 
specified maximum frequency for each clock domain. 


Note that the AHB clock is always equal to the CPU clock. 
CPUSEL and APBxSEL can be written without halting or disabling peripheral modules. Writing CPUSEL and 
APBXSEL allows a new clock setting to be written to all synchronous clocks at the same time. It is possible to keep 


one or more clocks unchanged. This way, it is possible to, for example, scale the CPU speed according to the 
required performance, while keeping the APBx frequency constant. 
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Figure 15-2. Synchronous Clock Selection and Prescaler 
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15.6.2.5 Clock Ready Flag 


There is a slight delay from when CPUSEL and APBxSEL are written until the new clock setting becomes effective. 
During this interval, the Clock Ready flag in the Interrupt Flag Status and Clear register (INTFLAG.CKRDY) will read 
as zero. If CKRDY in the INTENSET register is written to one, the Power Manager interrupt can be triggered when the 
new clock setting is effective. CPUSEL must not be re-written while CKRDY is zero, or the system may become 
unstable or hang. 


15.6.2.6 Peripheral Clock Masking 


It is possible to disable or enable the clock for a peripheral in the AHB or APBx clock domain by writing the 
corresponding bit in the Clock Mask register (APBxMASK - refer to APBAMASK for details) to zero or one. Refer to 
Table 15-1 for the default state of each of the peripheral clocks. 


Table 15-1. Peripheral Clock Default State 


Peripheral Clock Default State 

































































CLK_PACO_APB Enabled 
CLK_PM_APB Enabled 
CLK_SYSCTRL_APB Enabled 
CLK_GCLK_APB Enabled 
CLK_WDT_APB Enabled 
CLK_RTC_APB Enabled 
CLK_EIC_APB Enabled 
CLK_PAC1_APB Enabled 
CLK_DSU_APB Enabled 
CLK_NVMCTRL_APB Enabled 
CLK_PORT_APB Enabled 
CLK_HMATRIX_APB Enabled 
CLK_PAC2_APB Disabled 
CLK_SERCOMx_APB Disabled 
CLK_TCx_APB Disabled 
CLK_ADC_APB Enabled 
CLK_AC_APB Disabled 
CLK_DAC_APB Disabled 
CLK_PTC_APB Disabled 
CLK_USB_APB Enabled 
CLK_DMAC_APB Enabled 
CLK_TCC_APB Disabled 














When the APB clock for a module is not provided its registers cannot be read or written. The module can be re- 
enabled later by writing the corresponding mask bit to one. 
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A module may be connected to several clock domains (for instance, AHB and APB), in which case it will have several 
mask bits. 


Note that clocks should only be switched off if it is certain that the module will not be used. Switching off the clock for 
the NVM Controller (NVMCTRL) will cause a problem if the CPU needs to read from the flash memory. Switching off 
the clock to the Power Manager (PM), which contains the mask registers, or the corresponding APBx bridge, will 
make it impossible to write the mask registers again. In this case, they can only be re-enabled by a system reset. 


15.6.2.7 Clock Failure Detector 
This mechanism allows the main clock to be switched automatically to the safe OSC8M clock when the main clock 
source is considered off. This may happen for instance when an external crystal oscillator is selected as the clock 
source for the main clock and the crystal fails. The mechanism is to designed to detect, during a OSCULP32K clock 
period, at least one rising edge of the main clock. If no rising edge is seen, the clock is considered failed. 
The clock failure detector is enabled by writing a one to the Clock Failure Detector Enable bit in CTRL 
(CFDEN_CTRL). Refer to CTRL for detailed information. 
As soon as the Clock Failure Detector Enable bit (CTRL.CFDEN) is one, the clock failure detector (CFD) will monitor 
the undivided main clock. When a clock failure is detected, the main clock automatically switches to the OSC8M clock 
and the Clock Failure Detector flag in the interrupt Flag Status and Clear register (INTFLAG.CFD) is set and the 
corresponding interrupt request will be generated if enabled. The BKUPCLK bit in the CTRL register is set by 
hardware to indicate that the main clock comes from OSC8M. The GCLK_MAIN clock source can be selected again 
by writing a zero to the CTRL.BKUPCLK bit. Writing the bit does not fix the failure, however. 
Note 1: The detector does not monitor while the main clock is temporarily unavailable (startup time after a wake-up, 
etc.) or in sleep mode. The Clock Failure Detector must be disabled before entering standby mode. 
Note 2: The clock failure detector must not be enabled if the source of the main clock is not significantly faster than 
the OSCULP32K clock. For instance, if GCLK_MAIN is the internal 32kHz RC, then the clock failure detector must be 
disabled. 


Note 3: The OSC8M internal oscillator should be enabled to allow the main clock switching to the OSC8M clock. 
15.6.2.8 Reset Controller 


The latest reset cause is available in RCAUSE, and can be read during the application boot sequence in order to 
determine proper action. 


There are two groups of reset sources: 
e Power Reset: Resets caused by an electrical issue. 
e User Reset: Resets caused by the application. 


The table below lists the parts of the device that are reset, depending on the reset type. 


Table 15-2. Effects of the Different Reset Events 





























Power Reset User Reset 
WDT Reset, 

sd ©) sO = 10) Dt Am = 10) DCE) External Reset SysResetReq 
RTC 
All the 32kHz sources 
WDT with ALWAYSON feature Y N N 
Generic Clock with WRTLOCK 
feature 
Debug logic 
Others Y Vf Y 
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The external reset is generated when pulling the RESET pin low. This pin has an internal pull-up, and does not need 
to be driven externally during normal operation. 


The POR, BOD12 and BOD33 reset sources are generated by their corresponding module in the System Controller 
Interface (SYSCTRL). 


The WDT reset is generated by the Watchdog Timer. 


The System Reset Request (SysResetReq) is a software reset generated by the CPU when asserting the 
SYSRESETREQ bit located in the Reset Control register of the CPU (See the ARM® Cortex® Technical Reference 
Manual on http://www.arm.com). 


Figure 15-3. Reset Controller 





RESET CONTROLLER 





























RESET SOURCES 














15.6.2.9 Sleep Mode Controller 
Sleep mode is activated by the Wait For Interrupt instruction (WFI). The Idle bits in the Sleep Mode register 
(SLEEP.IDLE) and the SLEEPDEEP bit of the System Control register of the CPU should be used as argument to 
select the level of the sleep mode. 
There are two main types of sleep mode: 
e IDLE mode: The CPU is stopped. Optionally, some synchronous clock domains are stopped, depending on the 
IDLE argument. Regulator operates in normal mode. 


e STANDBY mode: All clock sources are stopped, except those where the RUNSTDBY bit is set. Regulator 
operates in low-power mode. Before entering standby mode the user must make sure that a significant amount 
of clocks and peripherals are disabled, so that the voltage regulator is not overloaded. 
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Table 15-3. Sleep Mode Entry and Exit Table 









































IM fof [=) Level Mode Entry Wake-Up Sources 
0 Synchronous”) (APB, AHB), asynchronous") 
SCR.SLEEPDEEP = 0 
IDLE 1 SLEEP.IDLE=Level Synchronous (APB), asynchronous 
| WFI 
2 Asynchronous 
STANDBY eh a Sh Sa Asynchronous 
WFI 
Notes: dl: Asynchronous: interrupt generated on generic clock or external clock or external event. 


Synchronous: interrupt generated on the APB clock. 


Table 15-4. Sleep Mode Overview 

















CPU AHB APB Oscillators INX=Xe [UI Elke) g 
fod [ote ¢ Clock | Clock LM Cote (=) 
ONDEMAND = 0 ONDEMAND = 1 
RUNSTDBY=0 | RUNSTDBY=1  RUNSTDBY=0 | RUNSTDBY=1 
Idle 0 Stop Run Run Run Run oly Runt Run Normal Normal 
requested | requested 
Idle 1 Stop Stop Run Run Run ey Bunt Run Normal Normal 
requested requested 
Idle 2 Stop Stop Stop Run Run Bunt jeeout Run Normal Normal 
| requested _ requested 
Run if Low Low 
Standby Stop Stop Stop Stop Run Stop requested Stop power power 






































IDLE Mode 


The IDLE modes allow power optimization with the fastest wake-up time. 


The CPU is stopped. To further reduce power consumption, the user can disable the clocking of modules and clock 
sources by configuring the SLEEP.IDLE bit group. The module will be halted regardless of the bit settings of the mask 
registers in the Power Manager (PM.AHBMASK, PM.APBxMASK). 


Regulator operates in normal mode. 

e Entering IDLE mode: The IDLE mode is entered by executing the WFI instruction. Additionally, if the 

SLEEPONEXIT bit in the ARM Cortex System Control register (SCR) is set, the IDLE mode will also be entered 

when the CPU exits the lowest priority ISR. This mechanism can be useful for applications that only require the 
processor to run when an interrupt occurs. Before entering the IDLE mode, the user must configure the IDLE 

mode configuration bit group and must write a zero to the SCR.SLEEPDEEP bit. 

e Exiting IDLE mode: The processor wakes the system up when it detects the occurrence of any interrupt that is 

not masked in the NVIC Controller with sufficient priority to cause exception entry. The system goes back to the 

ACTIVE mode. The CPU and affected modules are restarted. 


STANDBY Mode 


The STANDBY mode allows achieving very low power consumption. 
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15.6.3 


15.6.4 


15.6.5 


15.6.6 


15.6.7 


In this mode, all clocks are stopped except those which are kept running if requested by a running module or have the 
ONDEMAND bit set to zero. For example, the RTC can operate in STANDBY mode. In this case, its Generic Clock 
clock source will also be enabled. 


The regulator and the RAM operate in low-power mode. 


A SLEEPONEXIT feature is also available. 

e Entering STANDBY mode: This mode is entered by executing the WFI instruction with the SCR.SLEEPDEEP 
bit of the CPU is written to 1. 

e Exiting STANDBY mode: Any peripheral able to generate an asynchronous interrupt can wake up the system. 
For example, a module running on a Generic clock can trigger an interrupt. When the enabled asynchronous 
wake-up event occurs and the system is woken up, the device will either execute the interrupt service routine or 
continue the normal program execution according to the Priority Mask Register (PRIMASK) configuration of the 
CPU. 


SleepWalking 


SleepWalking is the capability for a device to temporarily wakeup clocks for peripheral to perform a task without 
waking-up the CPU in STANDBY sleep mode. At the end of the sleepwalking task, the device can either be waken-up 
by an interrupt (from a peripheral involved in SleepWalking) or enter again into STANDBY sleep mode. 


In Atmel SAM D11 devices, SleepWalking is supported only on GCLK clocks by using the on-demand clock principle 
of the clock sources. Refer to “On-demand, Clock Requests” on page 86 for more details. 


DMA Operation 
Not applicable. 


Interrupts 


The peripheral has the following interrupt sources: 
e Clock Ready flag 
e Clock failure detector 


Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status and Clear 
(INTFLAG) register is set when the interrupt condition occurs. Each interrupt can be individually enabled by writing a 
one to the corresponding bit in the Interrupt Enable Set (INTENSET) register, and disabled by writing a one to the 
corresponding bit in the Interrupt Enable Clear (INTENCLR) register. An interrupt request is generated when the 
interrupt flag is set and the corresponding interrupt is enabled. The interrupt request remains active until the interrupt 
flag is cleared, the interrupt is disabled or the peripheral is reset. An interrupt flag is cleared by writing a one to the 
corresponding bit in the INTFLAG register. Each peripheral can have one interrupt request line per interrupt source or 
one common interrupt request line for all the interrupt sources. Refer to “Nested Vector Interrupt Controller” on page 
26 for details. If the peripheral has one common interrupt request line for all the interrupt sources, the user must read 
the INTFLAG register to determine which interrupt condition is present. 


Events 
Not applicable. 


Sleep Mode Operation 
In all IDLE sleep modes, the power manager is still running on the selected main clock. 


In STANDDBY sleep mode, the power manager is frozen and is able to go back to ACTIVE mode upon any 
asynchronous interrupt. 


Atmel | SMART SAM D11 [DATASHEET 120 
Atmel | 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





15.7 Register Summary 


Table 15-5. Register Summary 

















































































































Bit 
Offset Name Pos. 
0x00 CTRL 7:0 BKUPCLK CFDEN 
0x01 SLEEP 7:0 IDLE[1:0] 
0x02 EXTCTRL 7:0 SETDIS 
0x03 
= Reserved 
0x07 
0x08 CPUSEL 7:0 CPUDIV[2:0] 
0x09 APBASEL 7:0 APBADIV[2:0] 
0x0A APBBSEL 7:0 APBBDIV[2:0] 
0x0B APBCSEL 7:0 APBCDIV[2:0] 
0x0C 
As Reserved 
0x13 
0x14 7:0 USB DMAC NVMCTRL DSU HPB2 HPB1 HPBO 
0x15 15:8 
|| AHBMASK 
0x16 23:16 
0x17 31:24 
0x18 7:0 EIC RTC WDT GCLK SYSCTRL PM PACO 
0x19 15:8 
|__| APBAMASK 
Ox1A 23:16 
0x1B 31:24 
0x1C 7:0 USB DMAC PORT NVMCTRL DSU PAC1 
0x1D 15:8 
|__| APBBMASK 
Ox1E 23:16 
Ox1F 31:24 
0x20 7:0 TC2 TC1 TCCO SERCOM2 SERCOM1 SERCOMO EVSYS PAC2 
0x21 15:8 DAC AC ADC 
APBCMASK 
0x22 23:16 
0x23 31:24 
0x24 
a Reserved 
0x33 
0x34 INTENCLR 7:0 CFD CKRDY 
0x35 INTENSET 7:0 CFD CKRDY 
0x36 INTFLAG 7:0 CFD CKRDY 
0x37 Reserved 
0x38 RCAUSE 7:0 SYST WDT EXT BOD33 BOD12 POR 
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15.8 Register Description 
Registers can be 8, 16 or 32 bits wide. Atomic 8-, 16- and 32-bit accesses are supported. In addition, the 8-bit quarters 
and 16-bit halves of a 32-bit register, and the 8-bit halves of a 16-bit register can be accessed directly. 
Exception for APBASEL, APBBSEL and APBCSEL: These registers must only be accessed with 8-bit access. 


Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Write-protection is denoted by 
the Write-Protected property in each individual register description. Refer to “Register Access Protection” on page 112 
for details. 
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15.8.1 Control 


Name: CTRL 
Offset: 0x00 
Reset: 0x00 
Access: Read-Write 
Property: - 

Bit 


7 6 5 4 3 2 1 0 
R R R R/W R R/W R R 


Reset 0 0 0 0 0 0 


Access 


e Bits 7:5 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 4-—BKUPCLK: Backup Clock Select 
This bit is set by hardware when a clock failure is detected. 
0: The GCLK_MAIN clock is selected for the main clock. 
1: The OSC8M backup clock is selected for the main clock. 


e Bit 3 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


e Bit 2-—CFDEN: Clock Failure Detector Enable 
0: The clock failure detector is disabled. 


1: The clock failure detector is enabled. 


e Bits 1:0 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
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15.8.2 Sleep Mode 


Name: SLEEP 

Offset: 0x01 

Reset: 0x00 

Access: Read-Write 

Property: - 
Bit 7 6 5 4 3 2 1 0 

ed ee 

Access R R R R R R R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 7:2 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 1:0 —- IDLE[1:0]: Idle Mode Configuration 
These bits select the Idle mode configuration after a WFI instruction. 


Table 15-6. Idle Mode Configuration 











IDLE[1:0] Name Description 
0x0 CPU The CPU clock domain is stopped 
Ox1 AHB The CPU and AHB clock domains are stopped 
Ox2 APB The CPU, AHB and APB clock domains are stopped 
0x3 Reserved 
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15.8.3 External Reset Controller 


Name: EXTCTRL 

Offset: 0x02 

Reset: 0x00 

Access: Read-Write 

Property: - 
Bit 7 6 5 4 3 2 1 0 

re 

Access R R R R R R R R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 7:1 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 0 —-SETDIS: External Reset Disable 
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15.8.4 CPU Clock Select 


Name: CPUSEL 

Offset: 0x08 

Reset: 0x00 

Access: Read-Write 

Property: - 
Bit 7 6 5 4 3 2 1 0 

eS 

Access R R R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 7:3 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 2:0 - CPUDIV[2:0]: CPU Prescaler Selection 
These bits define the division ratio of the main clock prescaler (2"). 


Table 15-7. CPU Prescaler Selection 






































CPUDIV[2:0] Name Description 

0x0 DIV1 Divide by 1 

0x1 DIV2 Divide by 2 

Ox2 DIV4 Divide by 4 

0x3 DIV8 Divide by 8 

0x4 DIV16 Divide by 16 

Ox5 DIV32 Divide by 32 

Ox6 DIV64 Divide by 64 

Ox7 DIV128 Divide by 128 
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15.8.5 APBA Clock Select 


Name: APBASEL 

Offset: 0x09 

Reset: 0x00 

Access: Read-Write 

Property: - 
Bit 7 6 5 4 3 2 1 0 

a 

Access R R R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 7:3 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 2:0 - APBADIV[2:0]: APBA Prescaler Selection 
These bits define the division ratio of the APBA clock prescaler (2"). 


Table 15-8. APBA Prescaler Selection 






































APBADIV[2:0] Name Description 

0x0 DIV1 Divide by 1 

0x1 DIV2 Divide by 2 

Ox2 DIV4 Divide by 4 

0x3 DIV8 Divide by 8 

0x4 DIV16 Divide by 16 

Ox5 DIV32 Divide by 32 

Ox6 DIV64 Divide by 64 

Ox7 DIV128 Divide by 128 
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15.8.6 APBB Clock Select 


Name: APBBSEL 

Offset: Ox0A 

Reset: 0x00 

Access: Read-Write 

Property: - 
Bit 7 6 5 4 3 2 1 0 

a 

Access R R R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 7:3 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 2:0 - APBBDIV[2:0]: APBB Prescaler Selection 
These bits define the division ratio of the APBB clock prescaler (2"). 


Table 15-9. APBB Prescaler Selection 






































APBBDIV[2:0] Name Description 

0x0 DIV1 Divide by 1 

0x1 DIV2 Divide by 2 

Ox2 DIV4 Divide by 4 

0x3 DIV8 Divide by 8 

0x4 DIV16 Divide by 16 

Ox5 DIV32 Divide by 32 

Ox6 DIV64 Divide by 64 

Ox7 DIV128 Divide by 128 
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15.8.7 APBC Clock Select 


Name: APBCSEL 

Offset: 0Ox0B 

Reset: 0x00 

Access: Read-Write 

Property: - 
Bit 7 6 5 4 3 2 1 0 

es 

Access R R R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 7:3 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 2:0 - APBCDIV[2:0]: APBC Prescaler Selection 
These bits define the division ratio of the APBC clock prescaler (2"). 


Table 15-10. APBC Prescaler Selection 






































APBCDIV[2:0] Name Description 

0x0 DIV1 Divide by 1 

0x1 DIV2 Divide by 2 

Ox2 DIV4 Divide by 4 

0x3 DIV8 Divide by 8 

0x4 DIV16 Divide by 16 

Ox5 DIV32 Divide by 32 

Ox6 DIV64 Divide by 64 

Ox7 DIV128 Divide by 128 
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15.8.8 AHB Mask 
Name: AHBMASK 
Offset: 0x14 
Reset: 0x0000007F 


Access: Read-Write 


Property: - 

Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R R/W R/W R/W R/W R/W R/W R/W 
Reset 0 1 1 1 1 1 1 1 


e Bits 31:7 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 6- USB: USB AHB Clock Mask 
0: The AHB clock for the USB is stopped. 


1: The AHB clock for the USB is enabled. 


e  Bit5—-DMAC: DMAC AHB Clock Mask 
0: The AHB clock for the DMAC is stopped. 


1: The AHB clock for the DMAC is enabled. 


e Bit 4-—NVMCTRL: NVMCTRL AHB Clock Mask 
0: The AHB clock for the NVMCTRL is stopped. 


1: The AHB clock for the NVMCTRL is enabled. 


e Bit 3-—DSU: DSU AHB Clock Mask 
0: The AHB clock for the DSU is stopped. 
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1: The AHB clock for the DSU is enabled. 


e Bit 2-HPB2: HPB2 AHB Clock Mask 
0: The AHB clock for the HPB2 is stopped. 


1: The AHB clock for the HPB2 is enabled. 


e Bit 1-_HPB1: HPB1 AHB Clock Mask 
0: The AHB clock for the HPB1 is stopped. 


1: The AHB clock for the HPB1 is enabled. 


e Bit 0-— HPBO: HPBO AHB Clock Mask 
0: The AHB clock for the HPBO is stopped. 


1: The AHB clock for the HPBO is enabled. 
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15.8.9 APBA Mask 
Name: APBAMASK 
Offset: 0x18 
Reset: 0x0000007F 


Access: Read-Write 


Property: - 

Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R R/W R/W R/W R/W R/W R/W R/W 
Reset 0 1 1 1 1 1 1 1 


e Bits 31:7 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 6-EIC: EIC APB Clock Enable 
0: The APBA clock for the EIC is stopped. 


1: The APBA clock for the EIC is enabled. 


e Bit 5—-—RTC: RTC APB Clock Enable 
0: The APBA clock for the RTC is stopped. 


1: The APBA clock for the RTC is enabled. 


e Bit 4-—WDT: WDT APB Clock Enable 
0: The APBA clock for the WDT is stopped. 


1: The APBA clock for the WDT is enabled. 


e Bit 3- GCLK: GCLK APB Clock Enable 
0: The APBA clock for the GCLK is stopped. 
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1: The APBA clock for the GCLK is enabled. 


e Bit 2-—-SYSCTRL: SYSCTRL APB Clock Enable 
0: The APBA clock for the SYSCTRL is stopped. 


1: The APBA clock for the SYSCTRL is enabled. 


e Bit 1- PM: PM APB Clock Enable 
0: The APBA clock for the PM is stopped. 


1: The APBA clock for the PM is enabled. 


e Bit 0 - PACO: PACO APB Clock Enable 
0: The APBA clock for the PACO is stopped. 


1: The APBA clock for the PACO is enabled. 
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15.8.10 APBB Mask 
Name: APBBMASK 
Offset: 0x1C 
Reset: 0x0000007F 


Access: Read-Write 


Property: - 

Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R R R/W R/W R/W R/W R/W R/W 
Reset 0 0 1 1 1 1 1 1 


e Bits 31:6 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 5- USB: USB APB Clock Enable 
0: The APBB clock for the USB is stopped. 


1: The APBB clock for the USB is enabled. 


e Bit 4-DMAC: DMAC APB Clock Enable 
0: The APBB clock for the DMAC is stopped. 


1: The APBB clock for the DMAC is enabled. 


e Bit 3-— PORT: PORT APB Clock Enable 
0: The APBB clock for the PORT is stopped. 
1: The APBB clock for the PORT is enabled. 


e Bit2-—NVMCTRL: NVMCTRL APB Clock Enable 
0: The APBB clock for the NVMCTRL is stopped. 
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1: The APBB clock for the NVMCTRL is enabled. 


e Bit 1-—DSU: DSU APB Clock Enable 
0: The APBB clock for the DSU is stopped. 


1: The APBB clock for the DSU is enabled. 


e Bit 0 - PAC1: PAC1 APB Clock Enable 
0: The APBB clock for the PAC1 is stopped. 


1: The APBB clock for the PAC1 is enabled. 
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15.8.11 APBC Mask 
Name: APBCMASK 
Offset: 0x20 
Reset: 0x00000100 


Access: Read-Write 


Property: - 

Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 

Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 

Bit 


15 14 13 12 11 10 9 8 
ee | | 
R R R R R R/W R/W R/W 


Access 

Reset 0 0 0 0 0 0 0 1 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R//W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:11 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 10 -DAC: DAC APB Clock Enable 
0: The APBC clock for the DAC is stopped. 


1: The APBC clock for the DAC is enabled. 


e Bit 9-AC: AC APB Clock Enable 
0: The APBC clock for the AC is stopped. 


1: The APBC clock for the AC is enabled. 


e  Bit8-ADC: ADC APB Clock Enable 
0: The APBC clock for the ADC is stopped. 


1: The APBC clock for the ADC is enabled. 


e Bit 7-TC2: TC2 APB Clock Enable 
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e  Bit6-—TC1: TC1 APB Clock Enable 


e Bits 5:4 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 5-—TCCO: TCCO APB Clock Enable 
0: The APBC clock for the TCCO is stopped. 


1: The APBC clock for the TCCO is enabled. 


e Bit 4-—SERCOM2: SERCOM2 APB Clock Enable 
0: The APBC clock for the SERCOM2 is stopped. 


1: The APBC clock for the SERCOM2 is enabled. 


e Bit 3-SERCOM1: SERCOM1 APB Clock Enable 
0: The APBC clock for the SERCOMT1 is stopped. 


1: The APBC clock for the SERCOMT1 is enabled. 


e Bit 2-SERCOM0: SERCOMO APB Clock Enable 
0: The APBC clock for the SERCOMO is stopped. 


1: The APBC clock for the SERCOMO is enabled. 


e Bit 1-EVSYS: EVSYS APB Clock Enable 
0: The APBC clock for the EVSYS is stopped. 


1: The APBC clock for the EVSYS is enabled. 


e Bit 0 - PAC2: PAC2 APB Clock Enable 
0: The APBC clock for the PAC2 is stopped. 


1: The APBC clock for the PAC2 is enabled. 
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15.8.12 Interrupt Enable Clear 


Name: INTENCLR 

Offset: 0x34 

Reset: 0x00 

Access: Read-Write 

Property: - 
Bit 7 6 5 4 3 2 1 0 

ed ee | | 

Access R R R R R R R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes in this register 
will also be reflected in the Interrupt Enable Set (INTENSET) register. 


e Bits 7:2 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 1-— CFD: Clock Failure Detector Interrupt Enable 
0: The Clock Failure Detector interrupt is disabled. 
1: The Clock Failure Detector interrupt is enabled and an interrupt request will be generated when the Clock Fail- 
ure Detector Interrupt flag is set. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Clock Failure Detector Interrupt Enable bit and the corresponding interrupt 
request. 


e Bit 0 - CKRDY: Clock Ready Interrupt Enable 
0: The Clock Ready interrupt is disabled. 
1: The Clock Ready interrupt is enabled and will generate an interrupt request when the Clock Ready Interrupt flag 
is set. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Clock Ready Interrupt Enable bit and the corresponding interrupt request. 
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15.8.13 Interrupt Enable Set 


Name: INTENSET 
Offset: 0x35 
Reset: 0x00 
Access: Read-Write 
Property: - 

Bit 


7 6 5 4 3 2 1 0 
R R R R R R R/W R/W 


Reset 0 0 0 0 0 0 0 0 


Access 


This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes in this register 
will also be reflected in the Interrupt Enable Clear (INTENCLR) register. 


e Bits 7:2 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 1-— CFD: Clock Failure Detector Interrupt Enable 
0: The Clock Failure Detector interrupt is disabled. 


1: The Clock Failure Detector interrupt is enabled. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will set the Clock Failure Detector Interrupt Enable bit and enable the Clock Failure Detec- 
tor interrupt. 


e Bit 0 - CKRDY: Clock Ready Interrupt Enable 
0: The Clock Ready interrupt is disabled. 
1: The Clock Ready interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Clock Ready Interrupt Enable bit and enable the Clock Ready interrupt. 
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15.8.14 Interrupt Flag Status and Clear 


Name: INTFLAG 
Offset: 0x36 
Reset: 0x00 
Access: Read-Write 
Property: - 

Bit 


7 6 5 4 3 2 1 0 
R R R R R R R/W R/W 


Reset 0 0 0 0 0 0 0 0 


Access 


e Bits 7:2 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 1 - CFD: Clock Failure Detector 
This flag is cleared by writing a one to the flag. 
This flag is set on the next cycle after a clock failure detector occurs and will generate an interrupt request if 
INTENCLR/SET.CFD is one. 
Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Clock Failure Detector Interrupt flag. 


e Bit 0 - CKRDY: Clock Ready 
This flag is cleared by writing a one to the flag. 
This flag is set when the synchronous CPU and APBx clocks have frequencies as indicated in the CPUSEL and 
APBXSEL registers, and will generate an interrupt if INTENCLR/SET.CKRDY is one. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Clock Ready Interrupt flag. 
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15.8.15 Reset Cause 


Name: RCAUSE 

Offset: 0x38 

Reset: 0x01 

Access: Read-Only 

Property: - 
Bit 7 6 5 4 3 2 1 0 

ee 

Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 1 


e Bit 7 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


e Bit 6- SYST: System Reset Request 
This bit is set if a system reset request has been performed. Refer to the Cortex processor documentation for more 
details. 


e Bit 5- WDT: Watchdog Reset 
This flag is set if a Watchdog Timer reset occurs. 


e Bit 4- EXT: External Reset 
This flag is set if an external reset occurs. 


e Bit 3 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


e Bit 2-— BOD33: Brown Out 33 Detector Reset 
This flag is set if a BOD33 reset occurs. 


e Bit 1- BOD12: Brown Out 12 Detector Reset 
This flag is set if a BOD12 reset occurs. 


e Bit 0 -— POR: Power On Reset 
This flag is set if a POR occurs. 
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16. 


16.1 


16.2 


SYSCTRL — System Controller 


Overview 


The System Controller (SYSCTRL) provides a user interface to the clock sources, brown out detectors, on-chip 
voltage regulator and voltage reference of the device. 


Features 
e 0.4-32MHz Crystal Oscillator (XOSC) 


e Tunable gain control 

e Programmable start-up time 

e Crystal or external input clock on XIN I/O 
32.768kHz Crystal Oscillator (COSC32K) 

e Automatic or manual gain control 

e Programmable start-up time 

e Crystal or external input clock on XIN32 I/O 
32.768kHz High Accuracy Internal Oscillator (OSC32K) 

e Frequency fine tuning 

e Programmable start-up time 
32.768kHz Ultra Low Power Internal Oscillator (OSCULP32k) 

e Ultra low power, always-on oscillator 

e Frequency fine tuning 

e Calibration value loaded from Flash Factory Calibration at reset 
8MHz Internal Oscillator (OSC8M) 

e Fast startup 

e Output frequency fine tuning 

e 4/2/1MHz divided output frequencies available 

e Calibration value loaded from Flash Factory Calibration at reset 
Digital Frequency Locked Loop (DFLL48M) 

e Internal oscillator with no external components 

e 48MHz output frequency 

e Operates standalone as a high-frequency programmable oscillator in open loop mode 

e Operates as an accurate frequency multiplier against a known frequency in closed loop mode 
Fractional Digital Phase Locked Loop (FDPLL96M) 

e 48MHz to 96MHz output clock frequency 

e@ 32KHz to 2MHz input reference clock frequency range 

e Three possible sources for the reference clock 

e Adjustable proportional integral controller 

e Fractional part used to achieve 1/16th of reference clock step 
3.3V Brown-Out Detector (BOD33) 

e Programmable threshold 

e Threshold value loaded from Flash User Calibration at startup 

e Triggers resets or interrupts 

e Operating modes: 

e Continuous mode 


Atmel | SMART SAM D11 [DATASHEET 
Atmel | 


Atmel-42363H-SAM-D11-Datasheet_09/2016 


Through the interface registers, it is possible to enable, disable, calibrate and monitor the SYSCTRL sub-peripherals. 


All sub-peripheral statuses are collected in the Power and Clocks Status register (PCLKSR - refer to PCLKSR). They 
can additionally trigger interrupts upon status changes via the INTENSET (INTENSET), INTENCLR (INTENCLR) and 
INTFLAG (INTFLAG) registers. 


Additionally, BOD33 and BOD 12 interrupts can be used to wake up the device from standby mode upon a 
programmed brown-out detection. 
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e Sampled mode for low power applications (programmable refresh frequency) 
e Hysteresis 
e 1.2V Brown-Out Detector (BOD12) 


e Programmable threshold 
e Threshold value loaded from Flash User Calibration at startup 


e Triggers resets or interrupts 
e Operating modes: 


e Continuous mode 
e@ Sampled mode for low power applications (programmable refresh frequency) 


e Hysteresis 
e Voltage Reference System (VREF) 

e Bandgap voltage generator with programmable calibration value 

e Temperature sensor 

e Bandgap calibration value loaded from Flash Factory Calibration at startup 
e Voltage Regulator System (VREG) 


e Trimable core supply voltage level 
e Voltage regulator trim value loaded from Flash Factory Calibration at startup 
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16.3 Block Diagram 
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Figure 16-1. SYSCTRL Block Diagram 
SYSCTRL 





Interrupts 
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16.4 Signal Description 


Signal Name Types Description 














XIN Analog Input Multipurpose Crystal Oscillator or external 
clock generator input 
XOUT Analog Output External Multipurpose Crystal Oscillator 
output 
XIN32 Analog Input 32kHz Crystal Oscillator or external clock 
generator input 
XOUT32 Analog Output 32kHz Crystal Oscillator output 














The I/O lines are automatically selected when XOSC or XOSC32K are enabled. 


16.5 Product Dependencies 


In order to use this peripheral, other parts of the system must be configured correctly, as described below. 


16.5.1 I/O Lines 
I/O lines are configured by SYSCTRL when either XOSC or XOSC32K are enabled, and need no user configuration. 


16.5.2 Power Management 


The SYSCTRL can continue to operate in any sleep mode where the selected source clock is running. The SYSCTRL 
interrupts can be used to wake up the device from sleep modes. The events can trigger other operations in the system 
without exiting sleep modes. Refer to “PIM — Power Manager” on page 110 for details on the different sleep modes. 


16.5.3 Clocks 


The SYSCTRL gathers controls for all device oscillators and provides clock sources to the Generic Clock Controller 
(GCLK). The available clock sources are: XOSC, XOSC32K, OSC32K, OSCULP32K, OSC8M, and DFLL48M and 
FDPLL96M. 


The SYSCTRL bus clock (CLK_SYSCTRL_APB) can be enabled and disabled in the Power Manager, and the default 
state of CLK_SYSCTRL_APB can be found in the Peripheral Clock Masking section in the “PIM — Power Manager” on 
page 110. 

The clock used by BOD33 and BOD12 in sampled mode is asynchronous to the user interface clock 
(CLK_SYSCTRL_APB). Likewise, the DFLL48M control logic uses the DFLL oscillator output, which is also 
asynchronous to the user interface clock (CLK_SYSCTRL_APB). Due to this asynchronicity, writes to certain registers 
will require synchronization between the clock domains. Refer to “Synchronization” on page 161 for further details. 


The FDPLL96M reference clock (CLK_FDPLL96M_REF) can be selected among three different clock sources: 


Table 16-1. Oscillators and Generic Clock inputs for FDPLL96M clock sources connections 


fol=Yos| | F-1Xe) mm Cr-Val=a (om Od eles CLK_FDPLL96M_REF Reference Clock source connection 








| XOSC32K | CLK_DPLL_REFO 
| XOSC | CLK_DPLL_REF1 
| GCLK (FDPLL96M) | GCLK_DPLL 





The selected clock must be configured and enabled before using the FDPLL96M. If the GCLK is selected as reference 
clock, it must be configured and enabled in the Generic Clock Controller before using the FDPLL96M. Refer to “GCLK 
— Generic Clock Controller’ on page 88 for details.If the GCLK_DPLL is selected as the source for the 
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CLK_FDPLL96M_REF, care must be taken to make sure the source for this GCLK is within the valid frequency range 
for the FDPLL96M. 

The XOSC source can be divided inside the FDPLL96M. The user must make sure that the programmable clock 
divider and XOSC frequency provides a valid CLK_FDPLL96M_REF clock frequency that meets the FDPLL96M input 
frequency range. 

The FDPLL96M requires a 32kHz clock from the GCLK when the FDPLL96M internal lock timer is used. This clock 


must be configured and enabled in the Generic Clock Controller before using the FDPLL96M. Refer to “GCLK — 
Generic Clock Controller” on page 88 for details. 


Table 16-2. Generic Clock Input for FDPLL96M 








CT=VaT=Y g (ol @4 [oles ¢ FDPLL96M 
| FDPLL9Y6M 32kHz clock | GCLK_DPLL_32K for internal lock timer 
| FDPLL96M | GCLK_DPLL for CLK_FDPLL96M_REF 


16.5.4 Interrupts 





The interrupt request line is connected to the Interrupt Controller. Using the SYSCTRL interrupts requires the interrupt 
controller to be configured first. Refer to “Nested Vector Interrupt Controller” on page 26 for details. 


16.5.5 Debug Operation 


When the CPU is halted in debug mode, the SYSCTRL continues normal operation. If the SYSCTRL is configured in 
a way that requires it to be periodically serviced by the CPU through interrupts or similar, improper operation or data 
loss may result during debugging. 


If debugger cold-plugging is detected by the system, BOD33 reset will be masked. The BOD reset keeps running 
under hot-plugging. 


16.5.6 Register Access Protection 


All registers with write-access are optionally write-protected by the peripheral access controller (PAC), except the 
following registers: 


e Interrupt Flag Status and Clear register (INTFLAG - refer to INTFLAG) 
Write-protection is denoted by the Write-Protection property in the register description. 
When the CPU is halted in debug mode, all write-protection is automatically disabled. 


Write-protection does not apply for accesses through an external debugger. Refer to “PAC — Peripheral Access 
Controller” on page 30 for details. 


16.5.7 Analog Connections 


When used, the 32.768kHz crystal must be connected between the XIN32 and XOUT32 pins, and the 0.4-32MHz 
crystal must be connected between the XIN and XOUT pins, along with any required load capacitors. For details on 
recommended oscillator characteristics and capacitor load, refer to the “Electrical Characteristics” on page 858 for 
details. 


16.6 Functional Description 


16.6.1 Principle of Operation 


XOSC, XOSC32K, OSC32K, OSCULP32K, OSC8M, DFLL48M, FDPLL96M, BOD33, BOD12, VREG and VREF are 
configured via SYSCTRL control registers. Through this interface, the sub-peripherals are enabled, disabled or have 
their calibration values updated. 
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The Power and Clocks Status register gathers different status signals coming from the sub-peripherals controlled by 
the SYSCTRL. The status signals can be used to generate system interrupts, and in some cases wake up the system 
from standby mode, provided the corresponding interrupt is enabled. 


The oscillator must be enabled to run. The oscillator is enabled by writing a one to the ENABLE bit in the respective 
oscillator control register, and disabled by writing a zero to the oscillator control register. In idle mode, the default 
operation of the oscillator is to run only when requested by a peripheral. In standby mode, the default operation of the 
oscillator is to stop. This behavior can be changed by the user, see below for details. 


The behavior of the oscillators in the different sleep modes is shown in Table 16-3 on page 149 


Table 16-3. Behavior of the Oscillators 




















Oscillator Idle0, 1, 2 Standby 
XOSC Run on request Stop 
XOSC32K Run on request Stop 
OSC32K Run on request Stop 
OSCULP32K Run Run 
OSC8M | Run on request Stop 
DFLL48M Run on request Stop 
FDPLL96M al Run on request Stop 

















To force an oscillator to always run in idle mode, and not only when requested by a peripheral, the oscillator 
ONDEMAND bit must be written to zero. The default value of this bit is one, and thus the default operation in idle 
mode is to run only when requested by a peripheral. 


To force the oscillator to run in standby mode except for DFLL and DPLL, the RUNSTDBY bit must be written to one. 
The oscillator will then run in standby mode when requested by a peripheral (ONDEMAND is one). To force an 
oscillator to always run in standby mode, and not only when requested by a peripheral, the ONDEMAND bit must be 
written to zero and RUNSTDBY must be written to one. 


Table 16-4 on page 149 shows the behavior in the different sleep modes, depending on the settings of ONDEMAND 
and RUNSTDBY. 


Table 16-4. Behavior in the different sleep modes 

















cS} (-Y-¥ om taveye() o) NB) SPAN] B) RUNSTDBY SY aF- Wile) fl 

Idle 0, 1, 2 0 x Run 

Idle O, 1, 2 1 Xx Run when requested by a peripheral 
Standby 0 0 Stop 

Standby 0 1 Run 

Standby 1 0 Stop 

Standby 1 1 Run when requested by a peripheral 




















Note that this does not apply to the OSCULP32K oscillator, which is always running and cannot be disabled. 


16.6.2 External Multipurpose Crystal Oscillator (XOSC) Operation 


The XOSC can operate in two different modes: 
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e External clock, with an external clock signal connected to the XIN pin 
e Crystal oscillator, with an external 0.4-32MHz crystal 


The XOSC can be used as a clock source for generic clock generators, as described in the “GCLK — Generic Clock 
Controller” on page 88. 


At reset, the XOSC is disabled, and the XIN/XOUT pins can be used as General Purpose I/O (GPIO) pins or by other 
peripherals in the system. When XOSC is enabled, the operating mode determines the GPIO usage. When in crystal 
oscillator mode, the XIN and XOUT pins are controlled by the SYSCTRL, and GPIO functions are overridden on both 
pins. When in external clock mode, only the XIN pin will be overridden and controlled by the SYSCTRL, while the 
XOUT pin can still be used as a GPIO pin. 


The XOSC is enabled by writing a one to the Enable bit in the External Multipurpose Crystal Oscillator Control register 
(XOSC.ENABLE). To enable the XOSC as a crystal oscillator, a one must be written to the XTAL Enable bit 
(XOSC.XTALEN). If XOSC.XTALEN is zero, external clock input will be enabled. 


When in crystal oscillator mode (KOSC.XTALEN is one), the External Multipurpose Crystal Oscillator Gain 
(XOSC.GAIN) must be set to match the external crystal oscillator frequency. If the External Multipurpose Crystal 
Oscillator Automatic Amplitude Gain Control (XOSC.AMPGC) is one, the oscillator amplitude will be automatically 
adjusted, and in most cases result in a lower power consumption. 


The XOSC will behave differently in different sleep modes based on the settings of XOSC.RUNSTDBY, 
XOSC.ONDEMAND and XOSC.ENABLE: 


XOSC.RUNSTDBY XOSC.ONDEMAND » (ok-ton 3) /\ =] 85 Sleep Behavior 


16.6.3 


a - 0 Disabled 


Always run in IDLE sleep modes. 
Disabled in STANDBY sleep mode. 


Only run in IDLE sleep modes if 
0 1 1 requested by a peripheral. Disabled in 
STANDBY sleep mode. 


Always run in IDLE and STANDBY sleep 
modes. 


Only run in IDLE or STANDBY sleep 
modes if requested by a peripheral. 


After a hard reset, or when waking up from a sleep mode where the XOSC was disabled, the XOSC will need a certain 
amount of time to stabilize on the correct frequency. This start-up time can be configured by changing the Oscillator 
Start-Up Time bit group (XOSC.STARTUP) in the External Multipurpose Crystal Oscillator Control register. During the 
start-up time, the oscillator output is masked to ensure that no unstable clock propagates to the digital logic. The 
External Multipurpose Crystal Oscillator Ready bit in the Power and Clock Status register (PCLKSR.XOSCRDY) is set 
when the user-selected startup time is over. An interrupt is generated on a zero-to-one transition on 
PCLKSR.XOSCRDY if the External Multipurpose Crystal Oscillator Ready bit in the Interrupt Enable Set register 
(INTENSET.XOSCRDY) is set. 


Note: Do not enter standby mode when an oscillator is in startup: 
Wait for the OSCxRDY bit in SYSCTRL.PCLKSR register to be set before going into standby mode. 


32kHz External Crystal Oscillator (KOSC32K) Operation 
The XOSC32K can operate in two different modes: 
e External clock, with an external clock signal connected to XIN32 
e Crystal oscillator, with an external 32.768kHz crystal connected between XIN32 and XOUT32 


The XOSC32K can be used as a source for generic clock generators, as described in the “GCLK — Generic Clock 
Controller” on page 88. 
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16.6.4 


16.6.5 


At power-on reset (POR) the XOSC32K is disabled, and the XIN32/XOUT32 pins can be used as General Purpose 
I/O (GPIO) pins or by other peripherals in the system. When XOSC32K is enabled, the operating mode determines 
the GPIO usage. When in crystal oscillator mode, XIN32 and XOUT32 are controlled by the SYSCTRL, and GPIO 
functions are overridden on both pins. When in external clock mode, only the XIN32 pin will be overridden and 
controlled by the SYSCTRL, while the XOUT32 pin can still be used as a GPIO pin. 


The external clock or crystal oscillator is enabled by writing a one to the Enable bit (XOSC32K.ENABLE) in the 32kHz 
External Crystal Oscillator Control register. To enable the XOSC32K as a crystal oscillator, a one must be written to 
the XTAL Enable bit (XOSC32K.XTALEN). If XOSC32K.XTALEN is zero, external clock input will be enabled. 


The oscillator is disabled by writing a zero to the Enable bit (XOSC32K.ENABLE) in the 32kHz External Crystal 
Oscillator Control register while keeping the other bits unchanged. Writing to the XOSC32K.ENABLE bit while writing 
to other bits may result in unpredictable behavior. The oscillator remains enabled in all sleep modes if it has been 
enabled beforehand. The start-up time of the 32kHz External Crystal Oscillator is selected by writing to the Oscillator 
Start-Up Time bit group (KOSC32K.STARTUP) in the in the 32kHz External Crystal Oscillator Control register. The 
SYSCTRL masks the oscillator output during the start-up time to ensure that no unstable clock propagates to the 
digital logic. The 32kHz External Crystal Oscillator Ready bit (PCLKSR.XOSC32KRDY) in the Power and Clock 
Status register is set when the user-selected startup time is over. An interrupt is generated on a zero-to-one transition 
of PCLKSR.XOSC32KRDY if the 32kHz External Crystal Oscillator Ready bit (INTENSET.XOSC32KRDY) in the 
Interrupt Enable Set Register is set. 


As a crystal oscillator usually requires a very long start-up time (up to one second), the 32kHz External Crystal 
Oscillator will keep running across resets, except for power-on reset (POR). 


XOSC32K can provide two clock outputs when connected to a crystal. The XOSC32K has a 32.768kHz output 
enabled by writing a one to the 32kHz External Crystal Oscillator 32kHz Output Enable bit (COSC32K.EN32k) in the 
32kHz External Crystal Oscillator Control register. The XOSC32K also has a 1.024kHz clock output enabled by writing 
a one to the 32kHz External Crystal Oscillator 1kHz Output Enable bit (XOSC32K.EN1K) in the External 32kHz 
Crystal Oscillator Control register. XOSC32K.EN32K and XOSC32K.EN1K are only usable when XIN32 is connected 
to a crystal, and not when an external digital clock is applied on XIN32. 
Note: Do not enter standby mode when an oscillator is in startup: 

Wait for the OSCxRDY bit in SYSCTRL.PCLKSR register to be set before going into standby mode. 


32kHz Internal Oscillator (OSC32K) Operation 


The OSC32K provides a tunable, low-speed and low-power clock source. 


The OSC32K can be used as a source for the generic clock generators, as described in the “GCLK — Generic Clock 
Controller” on page 88. 


The OSC32kK is disabled by default. The OSC32K is enabled by writing a one to the 32kHz Internal Oscillator Enable 
bit (OSC32K.ENABLE) in the 32kHz Internal Oscillator Control register. It is disabled by writing a zero to 
OSC32K.ENABLE. The OSC32K has a 32.768kHz output enabled by writing a one to the 32kHz Internal Oscillator 
32kHz Output Enable bit (OSC32K.EN32K). The OSC32K also has a 1.024kHz clock output enabled by writing a one 
to the 32kHz Internal Oscillator 1kHz Output Enable bit (OSC32K.EN1k). 


The frequency of the OSC32K oscillator is controlled by the value in the 32kHz Internal Oscillator Calibration bits 
(OSC32K.CALIB) in the 32kHz Internal Oscillator Control register. The OSC32K.CALIB value must be written by the 
user. Flash Factory Calibration values are stored in the NVM Software Calibration Area (refer to “NVM Software 
Calibration Row Mapping” on page 24). When writing to the Calibration bits, the user must wait for the 
PCLKSR.OSC32KRDY bit to go high before the value is committed to the oscillator. 


32kHz Ultra Low Power Internal Oscillator (OSCULP32K) Operation 


The OSCULP32K provides a tunable, low-speed and ultra-low-power clock source. The OSCULP32K is factory- 
calibrated under typical voltage and temperature conditions. The OSCULP32K should be preferred to the OSC32K 
whenever the power requirements are prevalent over frequency stability and accuracy. 
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16.6.6 


16.6.7 


The OSCULP32K can be used as a source for the generic clock generators, as described in the “GCLK — Generic 
Clock Controller” on page 88. 


The OSCULP32K is enabled by default after a power-on reset (POR) and will always run except during POR. The 
OSCULP32K has a 32.768kHz output and a 1.024kHz output that are always running. 


The frequency of the OSCULP32K oscillator is controlled by the value in the 32kHz Ultra Low Power Internal 
Oscillator Calibration bits (OSCULP32K.CALIB) in the 32kHz Ultra Low Power Internal Oscillator Control register. 
OSCULP32K.CALIB is automatically loaded from Flash Factory Calibration during startup, and is used to compensate 
for process variation, as described in the “Electrical Characteristics” on page 858. The calibration value can be 
overridden by the user by writing to OSCULP32K.CALIB. 


8MHz Internal Oscillator (OSC8M) Operation 


OSC8M is an internal oscillator operating in open-loop mode and generating an 8MHz frequency. The OSC8M is 
factory-calibrated under typical voltage and temperature conditions. 


OSC8M is the default clock source that is used after a power-on reset (POR). The OSC8M can be used as a source 
for the generic clock generators, as described in the “GCLK — Generic Clock Controller” on page 88, as well as 
function as the backup clock if a main clock failure is detected. 


In order to enable OSC8M, the Oscillator Enable bit in the OSC8M Control register (OSC8M.ENABLE) must be 
written to one. OSC8M will not be enabled until OSC8M.ENABLE is set. In order to disable OSC8M, OSC8M.ENABLE 
must be written to zero. OSC8M will not be disabled until OSC8M is cleared. 


The frequency of the OSC8M oscillator is controlled by the value in the calibration bits (OSC8M.CALIB) in the OSC8M 
Control register. CALIB is automatically loaded from Flash Factory Calibration during startup, and is used to 
compensate for process variation, as described in the “Electrical Characteristics” on page 858. 


The user can control the oscillation frequency by writing to the Frequency Range (FRANGE) and Calibration (CALIB) 
bit groups in the 8MHz RC Oscillator Control register (OSC8M). It is not recommended to update the FRANGE and 
CALIB bits when the OSC8M is enabled. As this is in open-loop mode, the frequency will be voltage, temperature and 
process dependent. Refer to the “Electrical Characteristics’ on page 858 for details. 


OSC8M is automatically switched off in certain sleep modes to reduce power consumption, as described in the “PIM — 
Power Manager” on page 110. 


Digital Frequency Locked Loop (DFLL48M) Operation 


The DFLL48M can operate in both open-loop mode and closed-loop mode. In closed-loop mode, a low-frequency 
clock with high accuracy can be used as the reference clock to get high accuracy on the output clock 
(CLK_DFLL48M). 


The DFLL48M can be used as a source for the generic clock generators, as described in the “GCLK — Generic Clock 
Controller” on page 88. 


16.6.7.1 Basic Operation 


Open-Loop Operation 


After any reset, the open-loop mode is selected. When operating in open-loop mode, the output frequency of the 
DFLL48M will be determined by the values written to the DFLL Coarse Value bit group and the DFLL Fine Value bit 
group (DFLLVAL.COARSE and DFLLVAL.FINE) in the DFLL Value register. 


Using "DFLL48M COARSE CAL" value from Table in DFLL.COARSE helps to output a frequency close to 48 MHz. 


It is possible to change the values of DFLLVAL.COARSE and DFLLVAL.FINE and thereby the output frequency of the 
DFLL48M output clock, CLK_DFLL48M, while the DFLL48M is enabled and in use. CLK_DFLL48M is ready to be 
used when PCLKSR.DFLLRDY is set after enabling the DFLL48M. 


Closed-Loop Operation 


In closed-loop operation, the output frequency is continuously regulated against a reference clock. Once the 
multiplication factor is set, the oscillator fine tuning is automatically adjusted. The DFLL48M must be correctly 
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configured before closed-loop operation can be enabled. After enabling the DFLL48M, it must be configured in the 
following way: 

1. Enable and select a reference clock (CLK_DFLL48M_REF). CLK_DFLL48M_REF is Generic Clock Channel 0 
(DFLL48M_Reference). Refer to “GCLK — Generic Clock Controller” on page 88 for details. 

2. Select the maximum step size allowed in finding the Coarse and Fine values by writing the appropriate values 
to the DFLL Coarse Maximum Step and DFLL Fine Maximum Step bit groups (DFLLMUL.CSTEP and DFLL- 
MUL.FSTEP) in the DFLL Multiplier register. A small step size will ensure low overshoot on the output 
frequency, but will typically result in longer lock times. A high value might give a large overshoot, but will typi- 
cally provide faster locking. DFLLMUL.CSTEP and DFLLMUL.FSTEP should not be higher than 50% of the 
maximum value of DFLLVAL.COARSE and DFLLVAL.FINE, respectively. 

3. Select the multiplication factor in the DFLL Multiply Factor bit group (DFLLMUL.MUL) in the DFLL Multiplier reg- 
ister. Care must be taken when choosing DFLLMUL.MUL so that the output frequency does not exceed the 
maximum frequency of the DFLL. If the target frequency is below the minimum frequency of the DFLL48M, the 
output frequency will be equal to the DFLL minimum frequency. 

4. Start the closed loop mode by writing a one to the DFLL Mode Selection bit (DFLLCTRL.MODE) in the DFLL 
Control register. 


The frequency of CLK_DFLL48M (F gxariagm) is given by: 


Fe ipapll4gm = DFLLMUL - MUL x Ferkafll48mref 


where F oxaaiagmrer iS the frequency of the reference clock (CLK_DFLL48M_REF). DFLLVAL.COARSE and 
DFLLVAL.FINE are read-only in closed-loop mode, and are controlled by the frequency tuner to meet user specified 
frequency. In closed-loop mode, the value in DFLLVAL.COARSE is used by the frequency tuner as a starting point for 
Coarse. Writing DFLLVAL.COARSE to a value close to the final value before entering closed-loop mode will reduce 
the time needed to get a lock on Coarse. 


Using "DFLL48M COARSE CAL" from Table for DFLL.COARSE will start DFLL with a frequency close to 48 MHz. 
Following Software sequence should be followed while using the same. 
1. load "DFLL48M COARSE CAL" from Table in DFLL.COARSE register 
2. Set DFLLCTRL.BPLCKC bit 
3. Start DFLL close loop 
This procedure will reduce DFLL Lock time to DFLL Fine lock time. 
Frequency Locking 


The locking of the frequency in closed-loop mode is divided into two stages. In the first, coarse stage, the control logic 
quickly finds the correct value for DFLLVAL.COARSE and sets the output frequency to a value close to the correct 
frequency. On coarse lock, the DFLL Locked on Coarse Value bit (PCLKSR.DFLLLOCKC) in the Power and Clocks 
Status register will be set. 


In the second, fine stage, the control logic tunes the value in DFLLVAL.FINE so that the output frequency is very close 
to the desired frequency. On fine lock, the DFLL Locked on Fine Value bit (PCLKSR.DFLLLOCKF) in the Power and 
Clocks Status register will be set. 

Interrupts are generated by both PCLKSR.DFLLLOCKC and PCLKSR.DFLLLOCKF if INTENSET.DFLLOCKC or 
INTENSET.DFLLOCKF are written to one. 

CLK_DFLL48M is ready to be used when the DFLL Ready bit (PCLKSR.DFLLRDY) in the Power and Clocks Status 
register is set, but the accuracy of the output frequency depends on which locks are set. For lock times, refer to the 
“Electrical Characteristics” on page 858. 

Frequency Error Measurement 


The ratio between CLK_DFLL48M_REF and CLK48M_DFLL is measured automatically when the DFLL48M is in 
closed-loop mode. The difference between this ratio and the value in DFLLMUL.MUL is stored in the DFLL 
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Multiplication Ratio Difference bit group(DFLLVAL.DIFF) in the DFLL Value register. The relative error on 
CLK_DFLL48M compared to the target frequency is calculated as follows: 
DIFF 


Drift Compensation 


If the Stable DFLL Frequency bit (DFLLCTRL.STABLE) in the DFLL Control register is zero, the frequency tuner will 
automatically compensate for drift in the CLK_DFLL48M without losing either of the locks. This means that 
DFLLVAL.FINE can change after every measurement of CLK_DFLL48M. 


The DFLLVAL.FINE value overflows or underflows can occur in close loop mode when the clock source reference 
drifts or is unstable. This will set the DFLL Out Of Bounds bit (PCLKSR.DFLLOOB) in the Power and Clocks Status 
register. 


To avoid this error, the reference clock in close loop mode must be stable, an external oscillator is recommended and 
internal oscillator forbidden. The better choice is to use an XOSC32K. 


Reference Clock Stop Detection 


If CLK_DFLL48M_REF stops or is running at a very low frequency (slower than CLK_DFLL48M/(2 * MULyjax)), the 
DFLL Reference Clock Stopped bit (PCLKSR.DFLLRCS) in the Power and Clocks Status register will be set. 
Detecting a stopped reference clock can take a long time, on the order of 2'’ CLK_DFLL48M cycles. When the 
reference clock is stopped, the DFLL48M will operate as if in open-loop mode. Closed-loop mode operation will 
automatically resume if the CLK_DFLL48M_REF is restarted. An interrupt is generated on a zero-to-one transition on 
PCLKSR.DFLLRCS if the DFLL Reference Clock Stopped bit (INTENSET.DFLLRCS) in the Interrupt Enable Set 
register is set. 


16.6.7.2 Additional Features 
Dealing with Delay in the DFLL in Closed-Loop Mode 


The time from selecting a new CLK_DFLL48M frequency until this frequency is output by the DFLL48M can be up to 
several microseconds. If the value in DFLLMUL.MUL is small, this can lead to instability in the DFLL48M locking 
mechanism, which can prevent the DFLL48M from achieving locks. To avoid this, a chill cycle, during which the 
CLK_DFLL48M frequency is not measured, can be enabled. The chill cycle is enabled by default, but can be disabled 
by writing a one to the DFLL Chill Cycle Disable bit (DFLLCTRL.CCDIS) in the DFLL Control register. Enabling chill 
cycles might double the lock time. 


Another solution to this problem consists of using less strict lock requirements. This is called Quick Lock (QL), which 
is also enabled by default, but it can be disabled by writing a one to the Quick Lock Disable bit (DFLLCTRL.QLDIS) in 
the DFLL Control register. The Quick Lock might lead to a larger spread in the output frequency than chill cycles, but 
the average output frequency is the same. 


USB Clock Recovery Mode 


USB Clock Recovery mode can be used to create the 48MHz USB clock from the USB Start Of Frame (SOF). The 
mode is enabled by writing a one to the USB Clock Recovery Mode bit in DFLL Control register 
(DFLLCTRL.USBCRM). 


The SOF signal from USB device will be used as reference clock (CLK_DFLL_REF), ignoring the selected generic 
clock reference. When the USB device is connected, a SOF will be sent every 1ms, thus DFLLVAL.MUX bits should 
be written to OxBB80 to obtain a 48MHz clock. In USB clock recovery mode, the DFLLCTRL.BPLCKC bit state is 
ignored and the value stored in the DFLLVAL.COARSE will be used as COARSE final value. The lock procedure will 
also go instantaneously to the fine lock search. The COARSE calibration value can be loaded from NVM OTP row by 
software. DFLLCTRL.QLDIS bit must be cleared and DFLLCTRL.CCDIS should be set to speed up the lock phase. 
The DFLLCTRL.STABLE bit state is ignored to let an auto jitter reduction mechanism working instead. 
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Wake from Sleep Modes 


DFLL48M can optionally reset its lock bits when it is disabled. This is configured by the Lose Lock After Wake bit 
(DFLLCTRL.LLAW) in the DFLL Control register. If DFLLCTRL.LLAW is zero, the DFLL48M will be re-enabled and 
start running with the same configuration as before being disabled, even if the reference clock is not available. The 
locks will not be lost. When the reference clock has restarted, the Fine tracking will quickly compensate for any 
frequency drift during sleep if DFLLCTRL.STABLE is zero. If DFLLCTRL.LLAW is one when the DFLL is turned off, 
the DFLL48M will lose all its locks, and needs to regain these through the full lock sequence. 


Accuracy 
There are three main factors that determine the accuracy of F y,gaiaam. [hese can be tuned to obtain maximum 
accuracy when fine lock is achieved. 
e Fine resolution: The frequency step between two Fine values. This is relatively smaller for high output 
frequencies. 


e Resolution of the measurement: If the resolution of the measured F yxgaiagm iS low, i.e., the ratio between the 
CLK_DFLL48M frequency and the CLK_DFLL48M_REF frequency is small, then the DFLL48M might lock at a 
frequency that is lower than the targeted frequency. It is recommended to use a reference clock frequency of 
32kHz or lower to avoid this issue for low target frequencies. 


e The accuracy of the reference clock. 


16.6.8 FDPLL96M - Fractional Digital Phase-Locked Loop Controller 


16.6.8.1 Overview 


The FDPLL96M controller allows flexible interface to the core digital function of the Digital Phase Locked Loop 
(DPLL). The FDPLL96M integrates a digital filter with a proportional integral controller, a Time-to-Digital Converter 
(TDC), a test mode controller, a Digitally Controlled Oscillator (DCO) and a PLL controller. It also provides a fractional 
multiplier of frequency N between the input and output frequency. The CLK_FDPLL96M_REF is the DPLL input clock 
reference. The selectable sources for the reference clock are CLK_DPLL_REFO, CLK_DPLL_REF1 and 
GCLK_DPLL. The path between CLK_DPLL_REF1 and input multiplexer integrates a clock divider. The output clock 
of the FDPLL96M is CK_GATED. The state of the CK_GATED clock only depends on the FDPLL96M internal control 
of the final clock gater CG. A valid 32khz clock is required (GCLK_DPLL_32K clock) when the FDPLL96M internal 
lock timer is used. 


16.6.8.2 Block Diagram 


Figure 16-2. FDPLL96M Block Diagram. 
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16.6.8.3 Principle of Operation 


The task of the FDPLL96M is to maintain coherence between the input reference clock signal 
(CLK_FDPLL96M_REF) and the respective output frequency CK via phase comparison. The FDPLL96M supports 
three independent sources of clocks CLK_DPLL_REF0O, CLK_DPLL_REF1 and GCLK_DPLL. When the FDPLL96M 
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is enabled, the relationship between the reference clock (CLK_FDPLL96M_REF) frequency and the output clock 
(CK_GATED) frequency is defined below. 


LDRFRA 
Tok gated = Tele fepiem por (cor Ba 16 c) 
Where LDR is the loop divider ratio integer part, LDRFRAC is the loop divider ratio fractional part, f,,,, is the frequency 
of the selected reference clock and f,, is the frequency of the FDPLL96M output clock. As previously stated a clock 


divider exist between CLK_DPLL_REF1 and CLK_FDPLL96M_REF. The frequency between the two clocks is 
defined below. 


7 1 
Foi_fapii96m_ref = Fetk_dptt_ref\*\ 2x (DIVT 1 


When the FDPLL96M is disabled, the output clock is reset. If the loop divider ratio fractional part 
(DPLLRATIO.LDRFRAC) field is reset, the FDPLL96M works in integer mode, otherwise the fractional mode is 
activated. It shall be noted that fractional part has a negative impact on the jitter of the FDPLL96M. 


Example (integer mode only): assuming f,,, = 32kHz and f,, = 48MHz, the multiplication ratio is 1500. It means that 
LDR shall be set to 1499. 


Example (fractional mode): assuming f,, = 32 kHz and f,, = 48.006MHz, the multiplication ratio is 1500.1875 (1500 + 
3/16). Thus LDR is set to 1499 and LDRFRAC to 3. 


16.6.8.4 Initialization, Enabling, Disabling and Resetting 


The FDPLL96M is enabled by writing a one to the Enable bit in the DPLL Control A register (DPLLCTRLA.ENABLE). 
The FDPLL96M is disabled by writing a zero to DPLLCTRLA.ENABLE. The frequency of the FDPLL96M output clock 
CK is stable when the module is enabled and when the DPLL Lock Status bit in the DPLL Status register 
(DPLLSTATUS.LOCK) bit is set. When DPLLCTRLB.LTIME is different from 0, a user defined lock time is used to 
validate the lock operation. In this case the lock time is constant. If DPLLCTRLB.LTIME is reset, the lock signal is 
linked with the status bit of the DPLL, the lock time vary depending on the filter selection and final target frequency. 


When DPLLCTRLB.WUF is set, the wake up fast mode is activated. In that mode the clock gating cell is enabled at 
the end of the startup time. At that time, the final frequency is not stable as it is still in the acquisition period, but it 
allows to save several milliseconds. After first acquisition, DPLLCTRLB.LBYPASS indicates if the Lock signal is 
discarded from the control of the clock gater generating the output clock CK_GATED. 


Table 16-5. CK_GATED behavior from startup to first edge detection. 











LTIME CK_GATED Behavior 
0 0 Normal Mode: First Edge when lock is asserted | 
0 | Not Equal To Zero | Lock Timer Timeout mode: First Edge when the timer downcounts to 0. | 
1 | xX | Wake Up Fast Mode: First Edge when CK is active (startup time) | 








Table 16-6. CK_GATED behavior after First Edge detection. 











LBYPASS CK_GATED Behavior 
0 Normal Mode: the CK_GATED is turned off when lock signal is low. 
| 1 Lock Bypass Mode: the CK_GATED is always running, lock is irrelevant. 
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Figure 16-3. CK and CK_GATED Output from FDPLL96M Off Mode to Running Mode 
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Figure 16-4. CK and CK_GATED Output from FDPLL96M Off Mode to Running Mode when Wake-Up Fast is 
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Figure 16-5. CK and CK_GATED Output from Running Mode to FDPLL96M Off Mode 
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16.6.8.5 Reference Clock Switching 


When a software operation requires reference clock switching, the normal operation is to disable the FDPLL96M, 
modify the DPLLCTRLB.REFCLK to select the desired reference source and activate the FDPLL96M again. 


16.6.8.6 Loop Divider Ratio updates 


The FDPLL96M supports on-the-fly update of the DPLLRATIO register, so it is allowed to modify the loop divider ratio 
and the loop divider ratio fractional part when the FDPLL96M is enabled. At that time, the DPLLSTATUS.LOCK bit is 
cleared and set again by hardware when the output frequency reached a stable state. The DPLL Lock Fail bit in the 
Interrupt Flag Status and Clear register (INTFLAG.DPLLLCk) is set when a falling edge has been detected. The flag 
is cleared when the software write a one to the interrupt flag bit location. 


Figure 16-6. RATIOCTRL Register Update Operation 
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16.6.8.7 Digital Filter Selection 


16.6.9 


The PLL digital filter (PI controller) is automatically adjusted in order to provide a good compromise between stability 
and jitter. Nevertheless a software operation can override the filter setting using the DPLLCTRLB.FILTER field. The 
DPLLCTRLB.LPEN field can be use to bypass the TDC module. 


Brown-Out Detector Operation 


The SYSCTRL provides user control to two Brown-Out Detectors (BOD) monitoring two supply domains. One BOD 
monitors the 3.3V VDDANA supply (BOD33), and a second BOD monitors the 1.2V VDDCORE supply (BOD12). 


Both Brown-Out Detectors support continuous or sampling modes. 


For each BOD, the threshold value action (reset the device or generate an interrupt), the Hysteresis configuration, as 
well as the enable/disable settings are loaded from Flash User Calibration at startup, and can be overridden by writing 
to the corresponding user register bit groups. 


16.6.10 3.3V Brown-Out Detector Operation 


The 3.3V BOD monitors the 3.3V VDDANA supply (BOD33). It supports continuous or sampling modes. 


The threshold value action (reset the device or generate an interrupt), the Hysteresis configuration, as well as the 
enable/disable settings are loaded from Flash User Calibration at startup, and can be overridden by writing to the 
corresponding BOD33 register bit groups. 
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16.6.10.1 3.3V Brown-Out Detector (BOD33) 


The 3.3V Brown-Out Detector (BOD33) monitors the VDDANA supply and compares the voltage with the brown-out 
threshold level set in the BOD33 Level bit group (BOD33.LEVEL) in the BOD33 register. The BOD33 can generate 
either an interrupt or a reset when VDDANA crosses below the brown-out threshold level. The BOD33 detection 
status can be read from the BOD33 Detection bit (PCLKSR.BOD33DET) in the Power and Clocks Status register. 


At startup or at power-on reset (POR), the BOD33 register values are loaded from the Flash User Row. Refer to “NVM 
User Row Mapping” on page 23 for more details. 


16.6.10.2 Continuous Mode 


When the BOD33 Mode bit (BOD33.MODE) in the BOD33 register is written to zero and the BOD33 is enabled, the 
BOD33 operates in continuous mode. In this mode, the BOD33 is continuously monitoring the VDDANA supply 
voltage. 


When the BOD12 Mode bit (BOD12.MODE) in the BOD12 register is written to zero and the BOD12 is 
enabled(BOD12.ENABLE is written to one), the BOD12 operates in continuous mode. In this mode, the BOD12 is 
continuously monitoring the VDDCORE supply voltage. Continues mode is not available for BOD12 when running in 
standby sleep mode. 


Continuous mode is the default mode for both BOD12 and BOD33. 
16.6.10.3 Sampling Mode 


The sampling mode is a low-power mode where the BOD33 or BOD 12 is being repeatedly enabled on a sampling 
clock’s ticks. The BOD33 or BOD12 will monitor the supply voltage for a short period of time and then go to a low- 
power disabled state until the next sampling clock tick. 


Sampling mode is enabled by writing one to BOD33.MODE for BOD33, and by writing one to BOD12.MODE for 

BOD 12. The frequency of the clock ticks (Foxsampiing) is controlled by the BOD33 Prescaler Select bit group 
(BOD33.PSEL) in the BOD33 register and Prescaler Select bit group(BOD12.PSEL) in the BOD12 BOD 12 register for 
BOD33 and BOD12, respectively. 


F = F stupvesealer 
clksampling 9Q(PSEL +1) 


The prescaler signal (Foiprescaler) iS a 1KHzZ clock, output from the32kHz Ultra Low Power Oscillator, OSCULP32K. 


As the sampling mode clock is different from the APB clock domain, synchronization among the clocks is necessary. 
Figure 16-7 shows a block diagram of the sampling mode. The BOD33 and BOD12 Synchronization Ready bits 
(PCLKSR.B33SRDY and PCLKSR.B12SRDY, respectively) in the Power and Clocks Status register show the 
synchronization ready status of the synchronizer. Writing attempts to the BOD33 register are ignored while 
PCLKSR.B33SRDY is zero. Writing attempts to the BOD12 register are ignored while PCLKSR.B12SRDY is zero. 


Figure 16-7. Sampling Mode Block diagram 
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The BOD33 Clock Enable bit (BOD33.CEN) in the BOD33 register and the BOD12 Clock Enable bit (BOD12.CEN) in 
the BOD12 register should always be disabled before changing the prescaler value. To change the prescaler value 
for the BOD33 or BOD12 during sampling mode, the following steps need to be taken: 

1. Wait until the PCLKSR.B33SRDY bit or the PCLKSR.B12SRDY bit is set. 


2. Write the selected value to the BOD33.PSEL or BOD12.PSEL bit group. 
16.6.10.4 Hysteresis 


The hysteresis functionality can be used in both continuous and sampling mode. Writing a one to the BOD33 
Hysteresis bit (BOD33.HYST) in the BOD33 register will add hysteresis to the BOD33 threshold level. Writing a one to 
the BOD12 Hysteresis bit (BOD12.HYST) in the BOD12 register will add hysteresis to the BOD12 threshold level. 


16.6.11 Voltage Regulator System Operation 


The embedded Voltage Regulator (VREG) is an internal voltage regulator that provides the core logic supply 
(VDDCORE). 


16.6.11.1 User Control of the Voltage Regulator System 


The Voltage Regulator is enabled after any reset, and can be disabled by writing a zero to the Enable bit 
(VREG.ENABLE) of the VREG register. 

The Voltage Regulator output supply level is determined by the LEVEL bit group (VREG.LEVEL) value in the VREG 
register. At reset, the VREG.LEVEL register value is loaded from Flash Factory Calibration. 

Via the VDDCORE Monitoring bit group (VREG.VDDMON), it is possible to monitor the core supply voltage so that if it 
drops below a critical level, a power-on reset is applied. The device is allowed to restart executing code only after the 
core supply voltage is restored to an acceptable level. The threshold at which this system triggers is significantly lower 
than the 1.2V Brown-Out Detector's own threshold (BOD12). This can, therefore, be seen as a complementary 
voltage monitoring feature. 


16.6.12 Voltage Reference System Operation 


The Voltage Reference System (VREF) consists of a Bandgap Reference Voltage Generator and a temperature 
sensor. 


The Bandgap Reference Voltage Generator is factory-calibrated under typical voltage and temperature conditions. 
At reset, the VREF.CAL register value is loaded from Flash Factory Calibration. 


The temperature sensor can be used to get an absolute temperature in the temperature range of CMIN to CMAX 
degrees Celsius. The sensor will output a linear voltage proportional to the temperature. The output voltage and 
temperature range are located in the “Electrical Characteristics” on page 858. To calculate the temperature from a 
measured voltage, the following formula can be used: 


Atemperature 
Avoltage 


Cyn t (Ves — Voutys4 y) 
16.6.12.1 User Control of the Voltage Reference System 


To enable the temperature sensor, write a one the Temperature Sensor Enable bit (VREF.TSEN) in the VREF 
register. 

The temperature sensor can be redirected to the ADC for conversion. The Bandgap Reference Voltage Generator 
output can also be routed to the ADC if the Bandgap Output Enable bit (VREF.BGOUTEN) in the VREF register is set. 


The Bandgap Reference Voltage Generator output level is determined by the CALIB bit group (VREF.CALIB) value in 
the VREF register. The default calibration value can be overridden by the user by writing to the CALIB bit group. 
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16.6.13 DMA Operation 
Not applicable. 


16.6.14 Interrupts 


The SYSCTRL has the following interrupt sources: 

e@ XOSCRDY - Multipurpose Crystal Oscillator Ready: A “0-to-1” transition on the PCLKSR.XOSCRDY bit is detected 
XOSC32KRDY - 32kHz Crystal Oscillator Ready: A “O-to-1” transition on the PCLKSR.XOSC32KRDY bit is detected 
OSC32KRDY - 32kHz Internal Oscillator Ready: A “O-to-1” transition on the PCLKSR.OSC32KRDY bit is detected 
OSC8MRDY - 8MHz Internal Oscillator Ready: A “O-to-1” transition on the PCLKSR.OSC8MRDY bit is detected 
DFLLRDY - DFLL48M Ready: A “0-to-1” transition on the PCLKSR.DFLLRDY bit is detected 
DFLLOOB - DFLL48M Out Of Boundaries: A “O-to-1” transition on the PCLKSR.DFLLOOB bit is detected 
DFLLLOCKF - DFLL48M Fine Lock: A “O-to-1” transition on the PCLKSR.DFLLLOCKF bit is detected 
DFLLLOCKC - DFLL48M Coarse Lock: A “O-to-1” transition on the PCLKSR.DFLLLOCKC bit is detected 
DFLLRCS - DFLL48M Reference Clock has Stopped: A “0-to-1” transition on the PCLKSR.DFLLRCS bit is detected 
BOD33RDY - BOD33 Ready: A “0-to-1” transition on the PCLKSR.BOD33RDY bit is detected 
BOD33DET - BOD33 Detection: A “0-to-1” transition on the PCLKSR.BOD33DET bit is detected 
B33SRDY - BOD33 Synchronization Ready: A “O-to-1” transition on the PCLKSR.B33SRDY bit is detected 
BOD12RDY - BOD12 Ready: A “O-to-1” transition on the PCLKSR.BOD12RDY bit is detected 
BOD12DET - BOD12 Detection: A “0-to-1” transition on the PCLKSR.BOD12DET bit is detected 
B12SRDY - BOD12 Synchronization Ready: A “0-to-1” transition on the PCLKSR.B12SRDY bit is detected 
PLL Lock (LOCK): Indicates that the DPLL Lock bit is asserted. 

PLL Lock Lost (LOCKL): Indicates that a falling edge has been detected on the Lock bit during normal operation 
mode. 

PLL Lock Timer Timeout (LTTO): This interrupt flag indicates that the software defined time DPLLCTRLB.LTIME has 
elapsed since the start of the FDPLL96M. 


Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status and Clear 
(INTFLAG) register is set when the interrupt condition occurs. Each interrupt can be individually enabled by writing a 
one to the corresponding bit in the Interrupt Enable Set (INTENSET) register, and disabled by writing a one to the 
corresponding bit in the Interrupt Enable Clear (INTENCLR) register. An interrupt request is generated when the 
interrupt flag is set and the corresponding interrupt is enabled. The interrupt request remains active until the interrupt 
flag is cleared, the interrupt is disabled, or the SYSCTRL is reset. See Interrupt Flag Status and Clear (INTFLAG) 
register for details on how to clear interrupt flags. 


All interrupt requests from the peripheral are ORed together on system level to generate one combined interrupt 
request to the NVIC. Refer to “Nested Vector Interrupt Controller’ on page 26 for details. The user must read the 
INTFLAG register to determine which interrupt condition is present. 


Note that interrupts must be globally enabled for interrupt requests to be generated. Refer to “Nested Vector Interrupt 
Controller’ on page 26 for details. 


16.6.15 Synchronization 


Due to the multiple clock domains, values in the DFLL48M control registers need to be synchronized to other clock 
domains. The status of this synchronization can be read from the Power and Clocks Status register (PCLKSR). Before 
writing to any of the DFLL48M control registers, the user must check that the DFLL Ready bit (PCLKSR.DFLLRDY) in 
PCLKSR is set to one. When this bit is set, the DFLL48M can be configured and CLK_DFLL48M is ready to be used. 
Any write to any of the DFLL48M control registers while DFLLRDY is zero will be ignored. An interrupt is generated on 
a zero-to-one transition of DFLLRDY if the DFLLRDY bit (INTENSET.DFLLDY) in the Interrupt Enable Set register is 
set. 


In order to read from any of the DFLL48M configuration registers, the user must request a read synchronization by 
writing a one to DFLLSYNC.READRE@Q. The registers can be read only when PCLKSR.DFLLRDY is set. If 
DFLLSYNC.READREQ is not written before a read, a synchronization will be started, and the bus will be halted until 
the synchronization is complete. Reading the DFLL48M registers when the DFLL48M is disabled will not halt the bus. 
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If the bus does not support waiting, a one must be written to the READREQ bit in the DFLL Synchronization register 
(DFLLSYNC.READREQ) before reading the value of a DFLL core register. The DFLL control registers are ready to be 
read when PCLKSR.DFLLRDY is set. If the bus does support waiting, this method can still be used to save time, but it 
would then also be possible to simply read the register directly. In this case, the bus will be halted until the 
synchronization has completed. 


The prescaler counter used to trigger one-shot brown-out detections also operates asynchronously from the 
peripheral bus. As a consequence, the prescaler registers require synchronization when written or read. The 
synchronization results in a delay from when the initialization of the write or read operation begins until the operation 
is complete. 


The write-synchronization is triggered by a write to the BOD12 or BOD33 control register. The Synchronization Ready 
bit (PCLKSR.B12SRDY or PCLKSR.B33SRDY) in the PCLKSR register will be cleared when the write- 
synchronization starts and set when the write-synchronization is complete. When the write-synchronization is ongoing 
(PCLKSR.B33SRDY or PCLKSR.B12SRDY is zero), an attempt to do any of the following will cause the peripheral 
bus to stall until the synchronization is complete: 

e Writing to the BOD33 or BOD12 control register 


e Reading the BOD33 or BOD12 control register that was written 
The user can either poll PCLKSR.B12SRDY or PCLKSR.B33SRDY or use the INTENSET.B12SRDY or 
INTENSET.B33SRDY interrupts to check when the synchronization is complete. It is also possible to perform the next 
read/write operation and wait, as this next operation will be completed after the ongoing read/write operation is 
synchronized. 
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16.7 Register Summary 


Table 16-7. Register Summary 



















































































































































































Bit 
Offset Name Pos. 
0x00 7:0 DFLLLCKC DFLLLCKF DFLLOOB DFLLRDY OSC8MRDY  OSC32KRDY XOSC32KRDY XOSCRDY 
0x01 15:8 DPLLLCKR B33SRDY BOD33DET BOD33RDY DFLLRCS 
t+—————  INTENCLR 
0x02 23:16 DPLLLTO DPLLLCKF 
0x03 31:24 
0x04 7:0 DFLLLCKC DFLLLCKF DFLLOOB DFLLRDY OSC8MRDY  OSC32KRDY XOSC32KRDY XOSCRDY 
0x05 15:8 DPLLLCKR B33SRDY BOD33DET BOD33RDY DFLLRCS 
t+—————_ INTENSET 
0x06 23:16 DPLLLTO DPLLLCKF 
0x07 31:24 
0x08 7:0 DFLLLCKC DFLLLCKF DFLLOOB DFLLRDY OSC8MRDY  OSC32KRDY XOSC32KRDY XOSCRDY 
0x09 15:8 DPLLLCKR B33SRDY BOD33DET BOD33RDY DFLLRCS 
tH INTFLAG 
Ox0A 23:16 DPLLLTO DPLLLCKF 
0x0B 31:24 
0x0C 7:0 DFLLLCKC DFLLLCKF DFLLOOB DFLLRDY OSC8MRDY  OSC32KRDY XOSC32KRDY XOSCRDY 
0x0D 15:8 DPLLLCKR B33SRDY BOD33DET BOD33RDY DFLLRCS 
PCLKSR 
Ox0E 23:16 DPLLLTO DPLLLCKF 
Ox0F 31:24 
0x10 7:0 ONDEMAND RUNSTDBY XTALEN ENABLE 
|__| XOSC 
0x11 15:8 STARTUP[3:0] AMPGC GAIN[2:0] 
0x12 Reserved 
0x13 Reserved 
0x14 7:0 ONDEMAND RUNSTDBY AAMPEN EN1K EN32K XTALEN ENABLE 
XOSC32K 
0x15 15:8 WRTLOCK STARTUP[2:0] 
0x16 Reserved 
0x17 Reserved 
0x18 7:0 ONDEMAND RUNSTDBY EN1K EN32K ENABLE 
0x19 15:8 WRTLOCK STARTUP[2:0] 
OSC32K 
Ox1A 23:16 CALIB[6:0] 
0x1B 31:24 
0x1C OSCULP32K 7:0 WRTLOCK CALIB[4:0] 
0x1D 
Be Reserved 
Ox1F 
0x20 7:0 ONDEMAND RUNSTDBY ENABLE 
0x21 15:8 PRESC[1:0] 
OSC8M 
0x22 23:16 CALIB[7:0] 
0x23 31:24 FRANGE[1:0] CALIB[11:8] 
0x24 7:0 ONDEMAND USBCRM LLAW STABLE MODE ENABLE 
DFLLCTRL 
0x25 15:8 WAITLOCK BPLCKC QLDIS CCDIS 
0x26 Reserved 
0x27 Reserved 
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0x28 7:0 FINE[7:0] 
0x29 15:8 COARSE[5:0] FINE[9:8] 
DFLLVAL 
Ox2A 23:16 DIFF[7:0] 
0x2B 31:24 DIFF[15:8] 
0x2C 7:0 MUL[7:0] 
0x2D 15:8 MUL[15:8] 
| DFLLMUL 
Ox2E 23:16 FSTEP[7:0] 
Ox2F 31:24 CSTEP[5:0] FSTEP[9:8] 
0x30 DFLLSYNC 7:0 READREQ 
0x31 
= Reserved 
0x33 
0x34 7:0 RUNSTDBY ACTION[1:0] HYST ENABLE 
0x35 15:8 PSEL[3:0] CEN MODE 
— BOD33 
0x36 23:16 LEVEL[5:0] 
0x37 31:24 
0x38 
as Reserved 
Ox3F 
0x40 7:0 BGOUTEN TSEN 
0x41 15:8 
|__| VREF 
0x42 23:16 CALIB[7:0] 
0x43 31:24 CALIB[10:8] 
0x44 DPLLCTRLA 7:0 ONDEMAND ENABLE 
0x45 
“ Reserved 
0x47 
0x48 7:0 LDR[7:0] 
0x49 15:8 LDR[11:8] 
+————j DPLLRATIO 
0x4A 23:16 LDRFRAC[3:0] 
0x4B 31:24 
0x4C 7:0 REFCLK[1:0] WUF LPEN FILTER[1:0] 
0x4D 15:8 LBYPASS LTIME[2:0] 
DPLLCTRLB 
Ox4E 23:16 DIV[7:0] 
Ox4F 31:24 DIV[10:8] 
0x50 DPLLSTATUS 7:0 DIV ENABLE CLKRDY LOCK 
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16.8 Register Description 
Registers can be 8, 16 or 32 bits wide. Atomic 8-, 16- and 32-bit accesses are supported. In addition, the 8-bit quarters 
and 16-bit halves of a 32-bit register and the 8-bit halves of a 16-bit register can be accessed directly. 


Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Write-protection is denoted by 
the Write-Protected property in each individual register description. Refer to “Register Access Protection” on page 148 
and the “PAC — Peripheral Access Controller” on page 30 for details. 


Some registers require synchronization when read and/or written. Synchronization is denoted by the Synchronized 
property in each individual register description. Refer to “Synchronization” on page 161 for details. 
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16.8.1 Interrupt Enable Clear 
Name: INTENCLR 
Offset: 0x00 
Reset: 0x00000000 


Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 


a 
a 
a 
a 
a 
ys) 
ys) 
a 


Access 

Reset 

Bit 23 22 21 20 19 18 17 16 
A a 

Access R R R R R R R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 15 14 13 12 11 10 9 8 
rs 

Access R/W R R R R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes in this register 
will also be reflected in the Interrupt Enable Set register (INTENSET). 


e Bits 31:18 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 17 - DPLLLTO: DPLL Lock Timeout Interrupt Enable 
0: The DPLL Lock Timeout interrupt is disabled. 
1: The DPLL Lock Timeout interrupt is enabled, and an interrupt request will be generated when the DPLL Lock 
Timeout Interrupt flag is set. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the DPLL Lock Timeout Interrupt Enable bit, which disables the DPLL Lock Time- 
out interrupt. 


e Bit 16 - DPLLLCKF: DPLL Lock Fall Interrupt Enable 
0: The DPLL Lock Fall interrupt is disabled. 
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1: The DPLL Lock Fall interrupt is enabled, and an interrupt request will be generated when the DPLL Lock Fall 
Interrupt flag is set. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the DPLL Lock Fall Interrupt Enable bit, which disables the DPLL Lock Fall 
interrupt. 


Bit 15 - DPLLLCKR: DPLL Lock Rise Interrupt Enable 

0: The DPLL Lock Rise interrupt is disabled. 

1: The DPLL Lock Rise interrupt is enabled, and an interrupt request will be generated when the DPLL Lock Rise 
Interrupt flag is set. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the DPLL Lock Rise Interrupt Enable bit, which disables the DPLL Lock Rise 
interrupt. 


Bits 14:12 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bit 11 - B33SRDY: BOD33 Synchronization Ready Interrupt Enable 

0: The BOD33 Synchronization Ready interrupt is disabled. 

1: The BOD33 Synchronization Ready interrupt is enabled, and an interrupt request will be generated when the 
BOD33 Synchronization Ready Interrupt flag is set. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the BOD33 Synchronization Ready Interrupt Enable bit, which disables the 
BOD33 Synchronization Ready interrupt. 


Bit 10 - BOD33DET: BOD33 Detection Interrupt Enable 

0: The BOD33 Detection interrupt is disabled. 

1: The BOD33 Detection interrupt is enabled, and an interrupt request will be generated when the BOD33 Detec- 
tion Interrupt flag is set. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the BOD33 Detection Interrupt Enable bit, which disables the BOD33 Detection 
interrupt. 


Bit 9 - BOD33RDY: BOD33 Ready Interrupt Enable 

0: The BOD33 Ready interrupt is disabled. 

1: The BOD33 Ready interrupt is enabled, and an interrupt request will be generated when the BOD33 Ready 
Interrupt flag is set. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the BOD33 Ready Interrupt Enable bit, which disables the BOD33 Ready 
interrupt. 


Bit 8 - DFLLRCS: DFLL Reference Clock Stopped Interrupt Enable 
0: The DFLL Reference Clock Stopped interrupt is disabled. 


1: The DFLL Reference Clock Stopped interrupt is enabled, and an interrupt request will be generated when the 
DFLL Reference Clock Stopped Interrupt flag is set. 


Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the DFLL Reference Clock Stopped Interrupt Enable bit, which disables the DFLL 
Reference Clock Stopped interrupt. 


Bit 7 - DFLLLCKC: DFLL Lock Coarse Interrupt Enable 
0: The DFLL Lock Coarse interrupt is disabled. 
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1: The DFLL Lock Coarse interrupt is enabled, and an interrupt request will be generated when the DFLL Lock 
Coarse Interrupt flag is set. 


Writing a zero to this bit has no effect. 


Writing a one to this bit will clear the DFLL Lock Coarse Interrupt Enable bit, which disables the DFLL Lock Coarse 
interrupt. 


Bit 6 - DFLLLCKF: DFLL Lock Fine Interrupt Enable 
0: The DFLL Lock Fine interrupt is disabled. 


1: The DFLL Lock Fine interrupt is enabled, and an interrupt request will be generated when the DFLL Lock Fine 
Interrupt flag is set. 


Writing a zero to this bit has no effect. 


Writing a one to this bit will clear the DFLL Lock Fine Interrupt Enable bit, which disables the DFLL Lock Fine 
interrupt. 


Bit 5 - DFLLOOB: DFLL Out Of Bounds Interrupt Enable 
0: The DFLL Out Of Bounds interrupt is disabled. 


1: The DFLL Out Of Bounds interrupt is enabled, and an interrupt request will be generated when the DFLL Out Of 
Bounds Interrupt flag is set. 


Writing a zero to this bit has no effect. 


Writing a one to this bit will clear the DFLL Out Of Bounds Interrupt Enable bit, which disables the DFLL Out Of 
Bounds interrupt. 


Bit 4 -- DFLLRDY: DFLL Ready Interrupt Enable 

0: The DFLL Ready interrupt is disabled. 

1: The DFLL Ready interrupt is enabled, and an interrupt request will be generated when the DFLL Ready Interrupt 
flag is set. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the DFLL Ready Interrupt Enable bit, which disables the DFLL Ready interrupt. 


Bit 3 - OSC8MRDY: OSC8M Ready Interrupt Enable 
0: The OSC8M Ready interrupt is disabled. 


1: The OSC8M Ready interrupt is enabled, and an interrupt request will be generated when the OSC8M Ready 
Interrupt flag is set. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the OSC8M Ready Interrupt Enable bit, which disables the OSC8M Ready 
interrupt. 


Bit 2 - OSC32KRDY: OSC32K Ready Interrupt Enable 
0: The OSC32K Ready interrupt is disabled. 


1: The OSC32K Ready interrupt is enabled, and an interrupt request will be generated when the OSC32K Ready 
Interrupt flag is set. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the OSC32K Ready Interrupt Enable bit, which disables the OSC32K Ready 
interrupt. 


Bit 1 -XOSC32KRDY: XOSC32K Ready Interrupt Enable 

0: The XOSC32K Ready interrupt is disabled. 

1: The XOSC32K Ready interrupt is enabled, and an interrupt request will be generated when the XOSC32K 
Ready Interrupt flag is set. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the XOSC32K Ready Interrupt Enable bit, which disables the XOSC32K Ready 
interrupt. 
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e Bit 0 -XOSCRDY: XOSC Ready Interrupt Enable 
0: The XOSC Ready interrupt is disabled. 
1: The XOSC Ready interrupt is enabled, and an interrupt request will be generated when the XOSC Ready Inter- 
rupt flag is set. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the XOSC Ready Interrupt Enable bit, which disables the XOSC Ready interrupt. 
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16.8.2 Interrupt Enable Set 
Name: INTENSET 
Offset: 0x04 
Reset: 0x00000000 


Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 

Access R R R R R R R R 

Reset 

Bit 23 22 21 20 19 18 17 16 

Access R R R R R R R/W R/W 

Reset 0 0 

Bit 15 14 13 12 11 10 9 8 
DPLLLCKR a ee eee B33SRDY BOD33DET BOD33RDY DFLLRCS 

Access R/W R R R R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 
DFLLLCKC DFLLLCKF DFLLOOB DFLLRDY OSC8MRDY OSC32KRDY XOSC32KRDY XOSCRDY 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes in this register 
will also be reflected in the Interrupt Enable Clear register (INTENCLR). 
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Bits 31:18 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bit 17 - DPLLLTO: DPLL Lock Timeout Interrupt Enable 

0: The DPLL Lock Timeout interrupt is disabled. 

1: The DPLL Lock Timeout interrupt is enabled, and an interrupt request will be generated when the DPLL Lock 
Timeout Interrupt flag is set. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will set the DPLL Lock Timeout Interrupt Enable bit, which enables the DPLL Lock Timeout 
interrupt. 


Bit 16 - DPLLLCKF: DPLL Lock Fall Interrupt Enable 
0: The DPLL Lock Fall interrupt is disabled. 
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1: The DPLL Lock Fall interrupt is enabled, and an interrupt request will be generated when the DPLL Lock Fall 
Interrupt flag is set. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will set the DPLL Lock Fall Interrupt Enable bit, which enables the DPLL Lock Fall interrupt. 


Bit 15 - DPLLLCKR: DPLL Lock Rise Interrupt Enable 

0: The DPLL Lock Rise interrupt is disabled. 

1: The DPLL Lock Rise interrupt is enabled, and an interrupt request will be generated when the DPLL Lock Rise 
Interrupt flag is set. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will set the DPLL Lock Rise Interrupt Enable bit, which enables the DPLL Lock Rise 
interrupt. 


Bits 14:12 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bit 11 - B33SRDY: BOD33 Synchronization Ready Interrupt Enable 

0: The BOD33 Synchronization Ready interrupt is disabled. 

1: The BOD33 Synchronization Ready interrupt is enabled, and an interrupt request will be generated when the 
BOD33 Synchronization Ready Interrupt flag is set. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will set the BOD33 Synchronization Ready Interrupt Enable bit, which enables the BOD33 
Synchronization Ready interrupt. 


Bit 10 - BOD33DET: BOD33 Detection Interrupt Enable 

0: The BOD33 Detection interrupt is disabled. 

1: The BOD33 Detection interrupt is enabled, and an interrupt request will be generated when the BOD33 Detec- 
tion Interrupt flag is set. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will set the BOD33 Detection Interrupt Enable bit, which enables the BOD33 Detection 
interrupt. 


Bit 9 - BOD33RDY: BOD33 Ready Interrupt Enable 

0: The BOD33 Ready interrupt is disabled. 

1: The BOD33 Ready interrupt is enabled, and an interrupt request will be generated when the BOD33 Ready 
Interrupt flag is set. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will set the BOD33 Ready Interrupt Enable bit, which enables the BOD33 Ready interrupt. 


Bit 8 - DFLLRCS: DFLL Reference Clock Stopped Interrupt Enable 
0: The DFLL Reference Clock Stopped interrupt is disabled. 


1: The DFLL Reference Clock Stopped interrupt is enabled, and an interrupt request will be generated when the 
DFLL Reference Clock Stopped Interrupt flag is set. 


Writing a zero to this bit has no effect. 
Writing a one to this bit will set the DFLL Reference Clock Stopped Interrupt Enable bit, which enables the DFLL 
Reference Clock Stopped interrupt. 


Bit 7 - DFLLLCKC: DFLL Lock Coarse Interrupt Enable 

0: The DFLL Lock Coarse interrupt is disabled. 

1: The DFLL Lock Coarse interrupt is enabled, and an interrupt request will be generated when the DFLL Lock 
Coarse Interrupt flag is set. 
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Writing a zero to this bit has no effect. 


Writing a one to this bit will set the DFLL Lock Coarse Interrupt Enable bit, which enables the DFLL Lock Coarse 
interrupt. 


Bit 6 - DFLLLCKF: DFLL Lock Fine Interrupt Enable 
0: The DFLL Lock Fine interrupt is disabled. 


1: The DFLL Lock Fine interrupt is enabled, and an interrupt request will be generated when the DFLL Lock Fine 
Interrupt flag is set. 


Writing a zero to this bit has no effect. 


Writing a one to this bit will set the DFLL Lock Fine Interrupt Disable/Enable bit, disable the DFLL Lock Fine inter- 
rupt and set the corresponding interrupt request. 


Bit 5 - DFLLOOB: DFLL Out Of Bounds Interrupt Enable 
0: The DFLL Out Of Bounds interrupt is disabled. 


1: The DFLL Out Of Bounds interrupt is enabled, and an interrupt request will be generated when the DFLL Out Of 
Bounds Interrupt flag is set. 


Writing a zero to this bit has no effect. 


Writing a one to this bit will set the DFLL Out Of Bounds Interrupt Enable bit, which enables the DFLL Out Of 
Bounds interrupt. 


Bit 4 - DFLLRDY: DFLL Ready Interrupt Enable 
0: The DFLL Ready interrupt is disabled. 


1: The DFLL Ready interrupt is enabled, and an interrupt request will be generated when the DFLL Ready Interrupt 
flag is set. 


Writing a zero to this bit has no effect. 


Writing a one to this bit will set the DFLL Ready Interrupt Enable bit, which enables the DFLL Ready interrupt and 
set the corresponding interrupt request. 


Bit 3 - OSC8MRDY: OSC8M Ready Interrupt Enable 
0: The OSC8M Ready interrupt is disabled. 


1: The OSC8M Ready interrupt is enabled, and an interrupt request will be generated when the OSC8M Ready 
Interrupt flag is set. 


Writing a zero to this bit has no effect. 
Writing a one to this bit will set the OSC8M Ready Interrupt Enable bit, which enables the OSC8M Ready interrupt. 


Bit 2 - OSC32KRDY: OSC32K Ready Interrupt Enable 
0: The OSC32K Ready interrupt is disabled. 


1: The OSC32K Ready interrupt is enabled, and an interrupt request will be generated when the OSC32K Ready 
Interrupt flag is set. 


Writing a zero to this bit has no effect. 


Writing a one to this bit will set the OSC32K Ready Interrupt Enable bit, which enables the OSC32K Ready 
interrupt. 


Bit 1 -XOSC32KRDY: XOSC32K Ready Interrupt Enable 

0: The XOSC32K Ready interrupt is disabled. 

1: The XOSC32K Ready interrupt is enabled, and an interrupt request will be generated when the XOSC32K 
Ready Interrupt flag is set. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will set the XOSC32K Ready Interrupt Enable bit, which enables the XOSC32K Ready 
interrupt. 
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e Bit 0 -XOSCRDY: XOSC Ready Interrupt Enable 
0: The XOSC Ready interrupt is disabled. 
1: The XOSC Ready interrupt is enabled, and an interrupt request will be generated when the XOSC Ready Inter- 
rupt flag is set. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the XOSC Ready Interrupt Enable bit, which enables the XOSC Ready interrupt. 
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16.8.3 Interrupt Flag Status and Clear 
Name: INTFLAG 
Offset: 0x08 
Reset: 0x00000000 


Access: Read-Write 


Property: - 


Bit 31 30 29 28 27 26 25 24 


v0) 
a 
0) 
a 
v0) 
wD 
0) 
vs) 


Access 

Reset 

Bit 23 22 21 20 19 18 17 16 
A a 

Access R R R R R R R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 15 14 13 12 11 10 9 8 
rs 

Access R/W R R R R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


Note: Depending on the fuse settings, various bits of the INTFLAG register can be set to one at startup. Therefore the 
user should clear those bits before using the corresponding interrupts. 


e Bits 31:18 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 17 - DPLLLTO: DPLL Lock Timeout 
This flag is cleared by writing a one to it. 
This flag is set on a zero-to-one transition of the DPLL Lock Timeout bit in the Status register (PCLKSR.DPLLLTO) 
and will generate an interrupt request if INTENSET.DPLLLTO is one. 
Writing a zero to this bit has no effect. 
Writing a one to this bit clears the DPLL Lock Timeout interrupt flag. 


e Bit 16 - DPLLLCKF: DPLL Lock Fall 
This flag is cleared by writing a one to it. 
This flag is set on a zero-to-one transition of the DPLL Lock Fall bit in the Status register (PCLKSR.DPLLLCKF) 
and will generate an interrupt request if INTENSET.DPLLLCKF is one. 
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Writing a zero to this bit has no effect. 
Writing a one to this bit clears the DPLL Lock Fall interrupt flag. 


Bit 15 - DPLLLCKR: DPLL Lock Rise 
This flag is cleared by writing a one to it. 


This flag is set on a zero-to-one transition of the DPLL Lock Rise bit in the Status register (PCLKSR.DPLLLCKR) 
and will generate an interrupt request if INTENSET.DPLLLCKR is one. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the DPLL Lock Rise interrupt flag. 


Bits 14:12 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bit 11 - B33SRDY: BOD33 Synchronization Ready 
This flag is cleared by writing a one to it. 


This flag is set on a zero-to-one transition of the BOD33 Synchronization Ready bit in the Status register 
(PCLKSR.B33SRDY) and will generate an interrupt request if INTENSET.B33SRDY is one. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the BOD33 Synchronization Ready interrupt flag 


Bit 10 - BOD33DET: BOD33 Detection 
This flag is cleared by writing a one to it. 


This flag is set on a zero-to-one transition of the BOD33 Detection bit in the Status register (PCLKSR.BOD33DET) 
and will generate an interrupt request if INTENSET.BOD33DET is one. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the BOD33 Detection interrupt flag. 


Bit 9 - BOD33RDY: BOD33 Ready 
This flag is cleared by writing a one to it. 


This flag is set on a zero-to-one transition of the BOD33 Ready bit in the Status register (PCLKSR.BOD33RDY) 
and will generate an interrupt request if INTENSET.BOD33RDY is one. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the BOD33 Ready interrupt flag. 


Bit 8 - DFLLRCS: DFLL Reference Clock Stopped 
This flag is cleared by writing a one to it. 


This flag is set on a zero-to-one transition of the DFLL Reference Clock Stopped bit in the Status register 
(PCLKSR.DFLLRCS) and will generate an interrupt request if INTENSET.DFLLRCS is one. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the DFLL Reference Clock Stopped interrupt flag. 


Bit 7 - DFLLLCKC: DFLL Lock Coarse 
This flag is cleared by writing a one to it. 


This flag is set on a zero-to-one transition of the DFLL Lock Coarse bit in the Status register (PCLKSR.DFLLL- 
CKC) and will generate an interrupt request if INTENSET.DFLLLCKC is one. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the DFLL Lock Coarse interrupt flag. 


Bit 6 - DFLLLCKF: DFLL Lock Fine 

This flag is cleared by writing a one to it. 

This flag is set on a zero-to-one transition of the DFLL Lock Fine bit in the Status register (PCLKSR.DFLLLCKF) 
and will generate an interrupt request if INTENSET.DFLLLCKF is one. 
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Writing a zero to this bit has no effect. 
Writing a one to this bit clears the DFLL Lock Fine interrupt flag. 


e Bit 5- DFLLOOB: DFLL Out Of Bounds 
This flag is cleared by writing a one to it. 
This flag is set on a zero-to-one transition of the DFLL Out Of Bounds bit in the Status register (PCLKSR.DFL- 
LOOB) and will generate an interrupt request if INTENSET.DFLLOOB is one. 
Writing a zero to this bit has no effect. 
Writing a one to this bit clears the DFLL Out Of Bounds interrupt flag. 


e Bit 4-DFLLRDY: DFLL Ready 
This flag is cleared by writing a one to it. 
This flag is set on a zero-to-one transition of the DFLL Ready bit in the Status register (PCLKSR.DFLLRDY) and 
will generate an interrupt request if INTENSET.DFLLRDY is one. 
Writing a zero to this bit has no effect. 
Writing a one to this bit clears the DFLL Ready interrupt flag. 


e Bit 3- OSC8MRDY: OSC8M Ready 
This flag is cleared by writing a one to it. 
This flag is set on a zero-to-one transition of the OSC8M Ready bit in the Status register (PCLKSR.OSC8MRDY) 
and will generate an interrupt request if INTENSET.OSC8MRDY is one. 
Writing a zero to this bit has no effect. 
Writing a one to this bit clears the OSC8M Ready interrupt flag. 


e Bit 2-— OSC32KRDY: OSC32K Ready 
This flag is cleared by writing a one to it. 


This flag is set on a zero-to-one transition of the OSC32K Ready bit in the Status register (PCLKSR.OSC32KRDY) 
and will generate an interrupt request if INTENSET.OSC32KRDY is one. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the OSC32K Ready interrupt flag. 


e Bit 1- XOSC32KRDY: XOSC32K Ready 
This flag is cleared by writing a one to it. 


This flag is set on a zero-to-one transition of the XOSC32K Ready bit in the Status register 
(PCLKSR.XOSC32KRDY) and will generate an interrupt request if INTENSET.XOSC32KRDY is one. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the XOSC32K Ready interrupt flag. 


e Bit 0-XOSCRDY: XOSC Ready 
This flag is cleared by writing a one to it. 


This flag is set on a zero-to-one transition of the XOSC Ready bit in the Status register (PCLKSR.XOSCRDY) and 
will generate an interrupt request if INTENSET.XOSCRDY is one. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the XOSC Ready interrupt flag. 
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16.8.4 Power and Clocks Status 
Name: PCLKSR 
Offset: 0x0C 
Reset: 0x00000000 
Access: Read-Only 
Property: - 


Bit 31 30 29 28 27 26 25 24 


a 
a 
a 
a 
a 
ys) 
ys) 
a 


Access 

Reset 

Bit 23 22 21 20 19 18 17 16 
a A ca 

Access R R R R R R R R 

Reset 

Bit 15 14 13 12 11 10 9 8 
ee ee 

Access R R R R R R R R 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 

Access R R R R R R R R 

Reset 0 


e Bits 31:18 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 17—DPLLLTO: DPLL Lock Timeout 
0: DPLL Lock time-out not detected. 


1: DPLL Lock time-out detected. 


e Bit 16 - DPLLLCKF: DPLL Lock Fall 
0: DPLL Lock fall edge not detected. 


1: DPLL Lock fall edge detected. 


e Bit 15- DPLLLCKR: DPLL Lock Rise 
0: DPLL Lock rise edge not detected. 


1: DPLL Lock fall edge detected. 
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Bits 14:12 — Reserved 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 


zero when this register is written. These bits will always return zero when read. 


Bit 11 - B33SRDY: BOD33 Synchronization Ready 
0: BOD33 synchronization is complete. 


1: BOD33 synchronization is ongoing. 


Bit 10 - BOD33DET: BOD33 Detection 
0: No BOD33 detection. 
1: BOD33 has detected that the I/O power supply is going below the BOD33 reference value. 


Bit 9 - BOD33RDY: BOD33 Ready 
0: BOD33 is not ready. 
1: BOD33 is ready. 


Bit 8 - DFLLRCS: DFLL Reference Clock Stopped 
0: DFLL reference clock is running. 


1: DFLL reference clock has stopped. 


Bit 7 - DFLLLCKC: DFLL Lock Coarse 
0: No DFLL coarse lock detected. 


1: DFLL coarse lock detected. 


Bit 6 - DFLLLCKF: DFLL Lock Fine 
0: No DFLL fine lock detected. 


1: DFLL fine lock detected. 


Bit 5 - DFLLOOB: DFLL Out Of Bounds 
0: No DFLL Out Of Bounds detected. 


1: DFLL Out Of Bounds detected. 


Bit 4 -- DFLLRDY: DFLL Ready 

0: The Synchronization is ongoing. 

1: The Synchronization is complete. 

This bit is cleared when the synchronization of registers between clock domains is complete. 
This bit is set when the synchronization of registers between clock domains is started. 


Bit 3 - OSC8MRDY: OSC8M Ready 

0: OSC8M is not ready. 

1: OSC8M is stable and ready to be used as a clock source. 
Bit 2 - OSC32KRDY: OSC32K Ready 

0: OSC32K is not ready. 

1: OSC32K is stable and ready to be used as a clock source. 


Bit 1 - XOSC32KRDY: XOSC32K Ready 
0: XOSC32K is not ready. 


1: XOSC32K is stable and ready to be used as a clock source. 


Bit 0 - XOSCRDY: XOSC Ready 
0: XOSC is not ready. 


1: XOSC is stable and ready to be used as a clock source. 
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16.8.5 External Multipurpose Crystal Oscillator (XOSC) Control 
Name: XOSC 
Offset: 0x10 
Reset: 0x0080 
Access: Read-Write 
Property: Write-Protected 


Bit 15 14 13 12 11 10 9 8 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 
[ecame Treo [Tm Tome TO 

Access R/W R/W R R R R/W R/W R 

Reset 1 0 0 0 0 0 0 


e Bits 15:12 - STARTUP[3:0]: Start-Up Time 
These bits select start-up time for the oscillator according to the table below. 
The OSCULP32K oscillator is used to clock the start-up counter. 
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Table 16-8. Start-UpTime for External Multipurpose Crystal Oscillator 






























































Number of 
OSCULP32K Clock | Number of XOSC 
STARTUP[3:0] (09 [ed (-1-) (04 [ole] OnV(e4 [-1-) Approximate Equivalent Time 
0x0 1 3 31Us 
0x1 2 3 61us 
“0x2 fa 3 -122us 
0x3 8 3 244us 
0x4 | 16 3 488us 
0x5 32 3 977s 
Ox6 64 3 1953s 
Ox7 | 128 3 3906s 
0x8 256 3 7813ys 
0x9 512 3 15625ys 
-OxA 14024 3 31250us 
0xB 2048 3 62500us 
Ox | 4096 3 ] 125000ps 
OxD 8192 3 250000us 
OxE | 16384 3 500000us 
OxF 32768 3 1000000us 




















Notes: 1. Number of cycles for the start-up counter 
Number of cycles for the synchronization delay, before PCLKSR.XOSCRDY is set. 


3. Actual start-up time is n OSCULP32K cycles + 3 XOSC cycles, but given the time neglects the 3 XOSC 
cycles. 


e Bit 11-AMPGC: Automatic Amplitude Gain Control 
0: The automatic amplitude gain control is disabled. 
1: The automatic amplitude gain control is enabled. Amplitude gain will be automatically adjusted during Crystal 
Oscillator operation. 


e Bits 10:8 — GAIN[2:0]: Oscillator Gain 
These bits select the gain for the oscillator. The listed maximum frequencies are recommendations, and might vary 
based on capacitive load and crystal characteristics. Setting this bit group has no effect when the Automatic Ampli- 
tude Gain Control is active. 


Table 16-9. Oscillator Gain 

















GAIN[2:0] Recommended Max Frequency 
Ox0 | 0 2MHz 
ox1 | 1 4MHz 
0x2 | 2 8MHz 
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GAIN[2:0] Recommended Max Frequency 











0x3 3 16MHz 
0x4 | 4 30MHz 
0x5-0x7 | Reserved 





Bit 7 - ONDEMAND: On Demand Control 

The On Demand operation mode allows an oscillator to be enabled or disabled, depending on peripheral clock 
requests. 

In On Demand operation mode, i.e., if the XOSC.ONDEMAND bit has been previously written to one, the oscillator 
will be running only when requested by a peripheral. If there is no peripheral requesting the oscillator s clock 
source, the oscillator will be in a disabled state. 

If On Demand is disabled, the oscillator will always be running when enabled. 

In standby sleep mode, the On Demand operation is still active if the XOSC.RUNSTDBY bit is one. If 
XOSC.RUNSTDBY is zero, the oscillator is disabled. 

0: The oscillator is always on, if enabled. 

1: The oscillator is enabled when a peripheral is requesting the oscillator to be used as a clock source. The oscilla- 
tor is disabled if no peripheral is requesting the clock source. 


Bit 6 - RUNSTDBY: Run in Standby 

This bit controls how the XOSC behaves during standby sleep mode: 

0: The oscillator is disabled in standby sleep mode. 

1: The oscillator is not stopped in standby sleep mode. If XOSC.ONDEMAND is one, the clock source will be run- 
ning when a peripheral is requesting the clock. If XOSC.ONDEMAND is zero, the clock source will always be 
running in standby sleep mode. 


Bits 5:3 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bit 2 —- XTALEN: Crystal Oscillator Enable 
This bit controls the connections between the I/O pads and the external clock or crystal oscillator: 


0: External clock connected on XIN. XOUT can be used as general-purpose I/O. 
1: Crystal connected to XIN/XOUT. 


Bit 1 — ENABLE: Oscillator Enable 
0: The oscillator is disabled. 


1: The oscillator is enabled. 


Bit 0 —- Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
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16.8.6 32kHz External Crystal Oscillator (KOSC32K) Control 
Name: XOSC32K 
Offset: 0x14 
Reset: 0x0080 
Access: Read-Write 
Property: Write-Protected 


Bit 15 14 13 12 11 10 9 8 
re ae 

Access R R R R/W R R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 
[eee [ronan [ save [aoe [ene [oman [awe TO 

Access R/W R/W R/W R/W R/W R/W R/W R 

Reset 1 0 0 0 0 0 0 


e Bits 15:13 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 12 -WRTLOCK: Write Lock 
This bit locks the XOSC32K register for futur writes to fix the XOSC32K configuration. 


0: The XOSC32K configuration is not locked. 
1: The XOSC32K configuration is locked. 


e Bit 11 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


e Bits 10:8 - STARTUP[2:0]: Oscillator Start-Up Time 
These bits select the start-up time for the oscillator according to Table 16-10. 
The OSCULP32kK oscillator is used to clock the start-up counter. 


Atmel | SMART SAM D11 [DATASHEET 182 
Atmel | 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





Table 16-10. Start-Up Time for 32kHz External Crystal Oscillator 















































Number of Number of 
OSCULP32K Clock | XOSC32K Clock Approximate Equivalent Time 
STARTUP[2:0] Cycles Cycles ‘(o}sfoi 0] Bey] a) 4) 
0x0 1 3 122us 
Ox1 32 3 1068s 
Ox2 2048 3 62592us 
0x3 4096 &) 125092us 
0x4 16384 3 500092us 
Ox5 32768 3 1000092us 
0x6 65536 3 2000092us 
Ox7 131072 3 4000092us 
Notes: 1. Number of cycles for the start-up counter. 
2. Number of cycles for the synchronization delay, before PCLKSR.XOSC32KRDY is set. 
3. Start-up time is n OSCULP32K cycles + 3 XOSC32K cycles. 
e Bit 7- ONDEMAND: On Demand Control 


Atmel 


The On Demand operation mode allows an oscillator to be enabled or disabled depending on peripheral clock 
requests. 

In On Demand operation mode, i.e., if the ONDEMAND bit has been previously written to one, the oscillator will 
only be running when requested by a peripheral. If there is no peripheral requesting the oscillator s clock source, 
the oscillator will be in a disabled state. 


If On Demand is disabled the oscillator will always be running when enabled. 


In standby sleep mode, the On Demand operation is still active if the XOSC32K.RUNSTDBY bit is one. If 
XOSC32K.RUNSTDBY is zero, the oscillator is disabled. 


0: The oscillator is always on, if enabled. 


1: The oscillator is enabled when a peripheral is requesting the oscillator to be used as a clock source. The oscilla- 
tor is disabled if no peripheral is requesting the clock source. 


Bit 6 - RUNSTDBY: Run in Standby 

This bit controls how the XOSC32K behaves during standby sleep mode: 

0: The oscillator is disabled in standby sleep mode. 

1: The oscillator is not stopped in standby sleep mode. If XOSC32K.ONDEMAND is one, the clock source will be 
running when a peripheral is requesting the clock. If XOSC32K.ONDEMAND is zero, the clock source will always 
be running in standby sleep mode. 


Bit 5-— AAMPEN: Automatic Amplitude Control Enable 
0: The automatic amplitude control for the crystal oscillator is disabled. 


1: The automatic amplitude control for the crystal oscillator is enabled. 


Bit 4 -— EN1K: 1kHz Output Enable 
0: The 1kHz output is disabled. 


1: The 1kHz output is enabled. 


Bit 3 - EN32K: 32kHz Output Enable 
0: The 32kHz output is disabled. 
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1: The 32kHz output is enabled. 


e Bit 2- XTALEN: Crystal Oscillator Enable 
This bit controls the connections between the I/O pads and the external clock or crystal oscillator: 


0: External clock connected on XIN32. XOUT32 can be used as general-purpose I/O. 
1: Crystal connected to XIN32/XOUT32. 


e Bit 1—ENABLE: Oscillator Enable 
0: The oscillator is disabled. 


1: The oscillator is enabled. 


e Bit 0 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
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16.8.7 32kHz Internal Oscillator (OSC32K) Control 
Name: OSC32K 
Offset: 0x18 
Reset: 0x003F0080 


Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 1 1 1 1 1 1 
Bit 15 14 13 12 11 10 9 8 
Access R R R R/W R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
ONDEMAND RUNSTDBY Se ee EN1K EN32K ENABLE [| 

Access R/W R/W R R R/W R/W R/W R 
Reset 1 0 0 0 0 0 0 0 


e Bits 31:23 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 22:16 — CALIB[6:0]: Oscillator Calibration 
These bits control the oscillator calibration. 
This value must be written by the user. 
Factory calibration values can be loaded from the non-volatile memory. Refer to “NVM Software Calibration Row 
Mapping’ on page 24. 


e Bits 15:13 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 12 -WRTLOCK: Write Lock 
This bit locks the OSC32K register for futur writes to fix the OSC32K configuration. 


0: The OSC32K configuration is not locked. 
1: The OSC32K configuration is locked. 


Atmel | SMART SAM D11 [DATASHEET 185 
Atmel | 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





Bit 11 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bits 10:8 - STARTUP[2:0]: Oscillator Start-Up Time 
These bits select start-up time for the oscillator according to Table 16-11. 


The OSCULP32K oscillator is used as input clock to the startup counter. 


Table 16-11. Start-Up Time for 32kHz Internal Oscillator 





























IN [UT an] oy:\ me) mm @}<1 Om 74 4 Approximate Equivalent Time 
STARTUP[2:0] clock cycles (OSCULP= 32 kHz) 
0x0 3 92us 
0x1 | 4 122us 
0x2 6 183uUs 
0x3 10 305us 
0x4 18 549s 
Ox5 34 1038ys 
0x6 66 --2014us 
Ox7 130 3967Us 

















Notes: 1. Number of cycles for the start-up counter. 
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2. Number of cycles for the synchronization delay, before PCLKSR.OSC32KRDY is set. 
3. Start-up time is n OSC32K cycles + 2 OSC32K cycles. 


Bit 7 - ONDEMAND: On Demand Control 

The On Demand operation mode allows an oscillator to be enabled or disabled depending on peripheral clock 
requests. 

In On Demand operation mode, i.e., if the ONDEMAND bit has been previously written to one, the oscillator will 
only be running when requested by a peripheral. If there is no peripheral requesting the oscillator s clock source, 
the oscillator will be in a disabled state. 

If On Demand is disabled the oscillator will always be running when enabled. 

In standby sleep mode, the On Demand operation is still active if the OSC32K.RUNSTDBY bit is one. If 
OSC32K.RUNSTDBY is zero, the oscillator is disabled. 

0: The oscillator is always on, if enabled. 

1: The oscillator is enabled when a peripheral is requesting the oscillator to be used as a clock source. The oscilla- 
tor is disabled if no peripheral is requesting the clock source. 


Bit 6 - RUNSTDBY: Run in Standby 

This bit controls how the OSC32K behaves during standby sleep mode: 

0: The oscillator is disabled in standby sleep mode. 

1: The oscillator is not stopped in standby sleep mode. If OSC32K.ONDEMAND is one, the clock source will be 
running when a peripheral is requesting the clock. If OSC32K.ONDEMAND is zero, the clock source will always be 
running in standby sleep mode. 


Bits 5:4 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
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e Bit 3-—EN1K: 1kHz Output Enable 
0: The 1kHz output is disabled. 
1: The 1kHz output is enabled. 


e = ©Bit 2-— EN32K: 32kHz Output Enable 
0: The 32kHz output is disabled. 


1: The 32kHz output is enabled. 


e Bit 1—ENABLE: Oscillator Enable 
0: The oscillator is disabled. 


1: The oscillator is enabled. 


e Bit 0 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
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16.8.8 32kHz Ultra Low Power Internal Oscillator (OSCULP32K) Control 
Name: OSCULP32K 
Offset: 0x1C 
Reset: OX000XXXXX 
Access: Read-Write 
Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 

Sg 
Access R/W R R R/W R/W R/W R/W R/W 
Reset 0 0 0 x x x x Xx 


e Bit 7—WRTLOCK: Write Lock 
This bit locks the OSCULP32K register for futur writes to fix the OSCULP32K configuration. 


0: The OSCULP32K configuration is not locked. 
1: The OSCULP32K configuration is locked. 


e Bits 6:5 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 4:0 —- CALIB[4:0]: Oscillator Calibration 
These bits control the oscillator calibration. 


These bits are loaded from Flash Calibration at startup. 
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16.8.9 8MHz Internal Oscillator (OSC8M) Control 


Name: OSC8M 
Offset: 0x20 
Reset: 0x87070382 


Access: Read-Write 
Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
a 

Access R/W R/W R R R/W R/W R/W R/W 

Reset 1 0 0 0 0 1 1 1 

Bit 23 22 21 20 19 18 17 16 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 1 1 1 

Bit 15 14 13 12 11 10 9 8 
ne 

Access R R R R R R R/W R/W 

Reset 0 0 0 0 0 0 1 1 

Bit 7 6 5 4 3 2 1 0 
[econo Two DP 

Access R/W R/W R R R R R/W R 

Reset 1 0 0 0 0 0 1 0 


e Bits 31:30 - FRANGE[1:0]: Oscillator Frequency Range 
These bits control the oscillator frequency range according to the table below. These bits are loaded from Flash 
Calibration at startup. 


Table 16-12. Oscillator Frequency Range 











aN LC) = i | Name DY =X-oq a] ey (ey) 
0x0 0 4 to 6MHz 
0x1 1 6 to 8MHz 
0x2 2 8 to 11MHz 
0x3 3 11 to 15MHz 

















e Bits 29:28 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
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Bits 27:16 — CALIB[11:0]: Oscillator Calibration 

These bits control the oscillator calibration. The calibration field is split in two: 
CALIB[11:6] is for temperature calibration 

CALIB[5:0] is for overall process calibration 


These bits are loaded from Flash Calibration at startup. 


Bits 15:10 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bits 9:8 - PRESC[1:0]: Oscillator Prescaler 
These bits select the oscillator prescaler factor setting according to the table below. 


Table 16-13. Oscillator Prescaler 














PRESC[1:0] Name Description 
0x0 0 1 
0x1 1 2 
0x2 2 4 
0x3 3 8 
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Bit 7- ONDEMAND: On Demand Control 

The On Demand operation mode allows an oscillator to be enabled or disabled depending on peripheral clock 
requests. 

In On Demand operation mode, i.e., if the ONDEMAND bit has been previously written to one, the oscillator will 
only be running when requested by a peripheral. If there is no peripheral requesting the oscillator s clock source, 
the oscillator will be in a disabled state. 

If On Demand is disabled the oscillator will always be running when enabled. 

In standby sleep mode, the On Demand operation is still active if the OSC8M.RUNSTDBY bit is one. If 
OSC8M.RUNSTDBY is zero, the oscillator is disabled. 

0: The oscillator is always on, if enabled. 

1: The oscillator is enabled when a peripheral is requesting the oscillator to be used as a clock source. The oscilla- 
tor is disabled if no peripheral is requesting the clock source. 


Bit 6 - RUNSTDBY: Run in Standby 

This bit controls how the OSC8M behaves during standby sleep mode: 

0: The oscillator is disabled in standby sleep mode. 

1: The oscillator is not stopped in standby sleep mode. If OSC8M.ONDEMAND is one, the clock source will be run- 
ning when a peripheral is requesting the clock. If OSC8M.ONDEMAND is zero, the clock source will always be 
running in standby sleep mode. 


Bits 5:2 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bit 1 - ENABLE: Oscillator Enable 

0: The oscillator is disabled or being enabled. 

1: The oscillator is enabled or being disabled. 

The user must ensure that the OSC8M is fully disabled before enabling it, and that the OSC8M is fully enabled 
before disabling it by reading OSC8M.ENABLE. 
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e Bit 0 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
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16.8.10 DFLL48M Control 
Name: DFLLCTRL 
Offset: 0x24 
Reset: 0x0080 
Access: Read-Write 
Property: Write-Protected 


Bit 15 14 13 12 11 10 9 8 
es oo 

Access R R R R R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 
[ecame TY emom [uw [seme [oe [awe TT 

Access R/W R R/W R/W R/W R/W R/W R 

Reset 1 0 0 0 0 0 0 


e Bits 15:12 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 11 - WAITLOCK: Wait Lock 
This bit controls the DFLL output clock, depending on lock status: 
0: Output clock before the DFLL is locked. 
1: Output clock when DFLL is locked. 


e Bit 10 -BPLCKC: Bypass Coarse Lock 
This bit controls the coarse lock procedure: 
0: Bypass coarse lock is disabled. 
1: Bypass coarse lock is enabled. 


e Bit 9 —- QLDIS: Quick Lock Disable 
0: Quick Lock is enabled. 


1: Quick Lock is disabled. 


e Bit 8-CCDIS: Chill Cycle Disable 
0: Chill Cycle is enabled. 


1: Chill Cycle is disabled. 


e Bit 7—- ONDEMAND: On Demand Control 
The On Demand operation mode allows an oscillator to be enabled or disabled depending on peripheral clock 
requests. 
In On Demand operation mode, i.e., if the ONDEMAND bit has been previously written to one, the oscillator will 
only be running when requested by a peripheral. If there is no peripheral requesting the oscillator s clock source, 
the oscillator will be in a disabled state. 
If On Demand is disabled the oscillator will always be running when enabled. 
In standby sleep mode, the On Demand operation is still active if the DFLLCTRL.RUNSTDBY bit is one. If 
DFLLCTRL.RUNSTDBY is zero, the oscillator is disabled. 
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0: The oscillator is always on, if enabled. 


1: The oscillator is enabled when a peripheral is requesting the oscillator to be used as a clock source. The oscilla- 
tor is disabled if no peripheral is requesting the clock source. 


Bit 6 — Reserved 
This bits is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bit 5 - USBCRM: USB Clock Recovery Mode 
0: USB Clock Recovery Mode is disabled. 
1: USB Clock Recovery Mode is enabled. 


Bit 4 - LLAW: Lose Lock After Wake 
0: Locks will not be lost after waking up from sleep modes if the DFLL clock has been stopped. 


1: Locks will be lost after waking up from sleep modes if the DFLL clock has been stopped. 


Bit 3 - STABLE: Stable DFLL Frequency 
0: FINE calibration tracks changes in output frequency. 
1: FINE calibration register value will be fixed after a fine lock. 


Bit 2 -—- MODE: Operating Mode Selection 
0: The DFLL operates in open-loop operation. 


1: The DFLL operates in closed-loop operation. 


Bit 1 — ENABLE: DFLL Enable 
0: The DFLL oscillator is disabled. 
1: The DFLL oscillator is enabled. 


Due to synchronization, there is delay from updating the register until the peripheral is enabled/disabled. The value 
written to DFLLCTRL.ENABLE will read back immediately after written. 


Bit 0 —- Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
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16.8.11 DFLL48M Value 
Name: DFLLVAL 
Offset: 0x28 
Reset: 0x00000000 


Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 

Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 

Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e = Bits 31:16 — DIFF[15:0]: Multiplication Ratio Difference 
In closed-loop mode (DFLLCTRL.MODE is written to one), this bit group indicates the difference between the ideal 
number of DFLL cycles and the counted number of cycles. This value is not updated in open-loop mode, and 
should be considered invalid in that case. 


e = Bits 15:10 - COARSE[5:0]: Coarse Value 
Set the value of the Coarse Calibration register. In closed-loop mode, this field is read-only. 


e Bits 9:0 — FINE[9:0]: Fine Value 
Set the value of the Fine Calibration register. In closed-loop mode, this field is read-only. 
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16.8.12 DFLL48M Multiplier 
Name: DFLLMUL 
Offset: Ox2C 
Reset: 0x00000000 


Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:26 — CSTEP[5:0]: Coarse Maximum Step 
This bit group indicates the maximum step size allowed during coarse adjustment in closed-loop mode. When 
adjusting to a new frequency, the expected output frequency overshoot depends on this step size. 


e Bits 25:16 —- FSTEP[9:0]: Fine Maximum Step 
This bit group indicates the maximum step size allowed during fine adjustment in closed-loop mode. When adjust- 
ing to a new frequency, the expected output frequency overshoot depends on this step size. 


e Bits 15:0 - MUL[15:0]: DFLL Multiply Factor 
This field determines the ratio of the CLK_DFLL output frequency to the CLK_DFLL_REF input frequency. Writing 
to the MUL bits will cause locks to be lost and the fine calibration value to be reset to its midpoint. 
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16.8.13 DFLL48M Synchronization 


Name: DFLLSYNC 
Offset: 0x30 
Reset: 0x00 


Access: Read-Write 
Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 

| exo 
Access Ww R R R R R R R 
Reset 0 


e Bit 7-READREQ: Read Request 
To be able to read the current value of DFLLVAL in closed-loop mode, this bit should be written to one. The 
updated value is available in DFLLVAL when PCLKSR.DFLLRDY is set. 


e Bits 6:0 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
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16.8.14 3.3V Brown-Out Detector (BOD33) Control 
Name: BOD33 
Offset: 0x34 
Reset: OX0000000000XXXXXX00000000000XXXX0 
Access: Read-Write 
Property: Write-Protected, Write-Synchronized 


Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R/W R/W R/W R/W R/W R/W 
Reset 0 0 Xx x Xx Xx x x 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R R R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R R/W R R/W R/W R/W R/W R 
Reset 0 0 0 x x xX X 0 


e Bits 31:22 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 21:16 —- LEVEL[5:0]: BOD33 Threshold Level 
This field sets the triggering voltage threshold for the BOD33. See the “Electrical Characteristics” on page 858 for 
actual voltage levels. Note that any change to the LEVEL field of the BOD33 register should be done when the 
BOD33 is disabled in order to avoid spurious resets or interrupts. 
These bits are loaded from Flash User Row at startup. Refer to “NVM User Row Mapping” on page 23 for more 
details. 


e Bits 15:12 - PSEL[3:0]: Prescaler Select 
Selects the prescaler divide-by output for the BOD33 sampling mode according to the table below. The input clock 
comes from the OSCULP32K 1kHz output. 
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Table 16-14. Prescaler Select 






























































PSEL[3:0] Name Description 
0x0 DIV2 Divide clock by 2 
Ox1 DIV4 Divide clock by 4 
Ox2 DIV8 Divide clock by 8 
0x3 DIV16 Divide clock by 16 
0x4 DIV32 Divide clock by 32 
Ox5 DIV64 Divide clock by 64 
Ox6 DIV128 Divide clock by 128 
Ox7 DIV256 Divide clock by 256 
0x8 DIV512 Divide clock by 512 
0x9 DIV1K Divide clock by 1024 
OxA DIV2K Divide clock by 2048 
0xB DIV4K Divide clock by 4096 
OxC DIV8K Divide clock by 8192 
OxD DIV16K Divide clock by 16384 
OxE DIV32K Divide clock by 32768 
OxF DIV64K Divide clock by 65536 
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Bits 11:10 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bit 9 - CEN: Clock Enable 
0: The BOD33 sampling clock is either disabled and stopped, or enabled but not yet stable. 


1: The BOD33 sampling clock is either enabled and stable, or disabled but not yet stopped. 
Writing a zero to this bit will stop the BOD33 sampling clock. 
Writing a one to this bit will start the BOD33 sampling clock. 


Bit 8 - MODE: Operation Mode 
0: The BOD33 operates in continuous mode. 


1: The BOD33 operates in sampling mode. 


Bit 7 — Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bit 6 - RUNSTDBY: Run in Standby 
0: The BOD33 is disabled in standby sleep mode. 
1: The BOD33 is enabled in standby sleep mode. 


Bit 5 —- Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
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Bits 4:3 — ACTION[1:0]: BOD33 Action 

These bits are used to select the BOD33 action when the supply voltage crosses below the BOD33 threshold. 
These bits are loaded from Flash User Row at startup. Refer to “NVM User Row Mapping” on page 23 for more 
details. 


Table 16-15. BOD33 Action 














ACTION[1:0] Name DY =X-oq a |e) (ey) 
0x0 NONE No action 
Ox1 RESET The BOD33 generates a reset 
0x2 INTERRUPT The BOD33 generates an interrupt 
0x3 Reserved 














Bit 2 — HYST: Hysteresis 
This bit indicates whether hysteresis is enabled for the BOD33 threshold voltage: 


0: No hysteresis. 
1: Hysteresis enabled. 
This bit is loaded from Flash User Row at startup. Refer to “NVM User Row Mapping” on page 23 for more details. 


Bit 1 - ENABLE: Enable 

0: BOD33 is disabled. 

1: BOD33 is enabled. 

This bit is loaded from Flash User Row at startup. Refer to “NVM User Row Mapping” on page 23 for more details. 


Bit 0 —- Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
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16.8.15 Voltage References System (VREF) Control 
Name: VREF 
Offset: 0x40 
Reset: OX00000XXXXXXXXXXX0000000000000000 


Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R R R R R R/W R/W R/W 
Reset 0 0 0 0 0 x x x 
Bit 23 22 21 20 19 18 17 16 
CALIB[7:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset x x x Xx Xx xX x x 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R R R R R R/W R/W R 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:27 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 26:16 — CALIB[10:0]: Bandgap Voltage Generator Calibration 
These bits are used to calibrate the output level of the bandgap voltage reference. These bits are loaded from 
Flash Calibration Row at startup. Refer to “NVM User Row Mapping” on page 23 for more details. 


e Bits 15:3 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 2-—BGOUTEN: Bandgap Output Enable 
0: The bandgap output is not available as an ADC input channel. 
1: The bandgap output is routed to an ADC input channel. 


e Bit 1- TSEN: Temperature Sensor Enable 
0: Temperature sensor is disabled. 
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1: Temperature sensor is enabled and routed to an ADC input channel. 


e Bit 0 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 


when this register is written. This bit will always return zero when read. 
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16.8.16 DPLL Control A 


Name: DPLLCTRLA 
Offset: 0x44 
Reset: 0x80 


Access: Read-Write 
Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 
[ecw PT 

Access R/W R R R R R R/W R 

Reset 1 0 0 0 0 0 0 


e Bit 7- ONDEMAND: On Demand Clock Activation 
0: The DPLL is always on when enabled. 
1: The DPLL is activated only when a peripheral request the DPLL as a source clock. The DPLLCTRLA.ENABLE 
bit must be one to validate that operation, otherwise the peripheral request has no effect. 


e Bits 6:2 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 1— ENABLE: DPLL Enable 
0: The DPLL is disabled. 
1: The DPLL is enabled. 
The software operation of enabling or disabling the DPLL takes a few clock cycles, so check the DPLLSTA- 
TUS.ENABLE status bit to identify when the DPLL is successfully activated or disabled. 


e Bit 0 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
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16.8.17 DPLL Ratio Control 
Name: DPLLRATIO 
Offset: 0x48 
Reset: 0x00000000 
Access: Read-Write 
Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
LDR[7:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:20 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 19:16 - LDRFRAC[3:0]: Loop Divider Ratio Fractional Part 
Write this field with the fractional part of the frequency multiplier. 


e Bits 15:12 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 11:0 - LDR[11:0]: Loop Divider Ratio 
Write this field with the integer part of the frequency multiplier. 
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16.8.18 DPLL Control B 
Name: DPLLCTRLB 
Offset: 0x4C 
Reset: 0x00000000 


Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
a 

Access R R R R R R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 23 22 21 20 19 18 17 16 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 15 14 13 12 11 10 9 8 
Te a 

Access R R R R/W R R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 

Access R R R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 


e Bits 31:27 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 26:16 — DIV[10:0]: Clock Divider 
These bits are used to set the CLK_DPLL_REF1 clock division factor and can be calculated with the following 
formula: 
f_div = f_ CLKDPLLREF1/(2x(DIV+1)) 


e Bits 15:13 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 12 -LBYPASS: Lock Bypass 
0: Normal Mode: the CK_GATED is turned off when lock signal is low. 


1: Lock Bypass Mode: the CK_GATED is always running, lock is irrelevant. 
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Bit 11 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bits 10:8 — LTIME[2:0]: Lock Time 
These bits select the DPLL lock timeout. 


Table 16-16. Lock Time 
































LTIME[2:0] Name DY =X-Yorg | ey d(eya) 

0x0 DEFAULT No time-out 

0x1 - 0x3 Reserved 

0x4 8MS Time-out if no lock within 8ms 
0x5 9MS Time-out if no lock within 9ms 
0x6 10MS Time-out if no lock within 10ms 
0x7 11MS Time-out if no lock within 11ms 
e Bits 7:6 - Reserved 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bits 5:4 - REFCLK[1:0]: Reference Clock Selection 
These bits select the DPLL clock reference. 


Table 16-17. Reference Clock Selection 


























REFCLK[2:0] Name Description 

0x0 REFO CLK_DPLL_REFO clock reference 
0x1 REF1 CLK_DPLL_REF‘1 clock reference 
0x2 GCLK GCLK_DPLL clock reference 

0x3 Reserved 

e Bit 3 -—-WUF: Wake Up Fast 


Atmel 


0: DPLL CK output is gated until complete startup time and lock time. 
1: DPLL CK output is gated until startup time only. 


Bit 2 -— LPEN: Low-Power Enable 
0: The time to digital converter is selected. 


1: The time to digital converter is not selected, this will improve power consumption but increase the output jitter. 


Bits 1:0 — FILTER[1:0]: Proportional Integral Filter Selection 
These bits select the DPLL filter type. 
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Table 16-18. Proportional Integral Filter Selection 














FILTER[1:0] Name Description 
0x0 DEFAULT Default filter mode 
0x1 LBFILT Low bandwidth filter 
0x2 HBFILT High bandwidth filter 
0x3 HDFILT High damping filter 
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16.8.19 DPLL Status 


Name: DPLLSTATUS 

Offset: 0x50 

Reset: 0x00 

Access: Read-Only 

Property: - 
Bit 7 6 5 4 3 2 1 0 

es 

Access R R R R R R R R 
Reset 0 


e Bits 7:4 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 3 — DIV: Divider Enable 
0: The reference clock divider is disabled. 


1: The reference clock divider is enabled. 


e Bit 2—ENABLE: DPLL Enable 
0: The DPLL is disabled. 


1: The DPLL is enabled. 


e Bit 1- CLKRDY: Output Clock Ready 
0: The DPLL output clock is off 


1: The DPLL output clock in on. 


e Bit 0-—LOCK: DPLL Lock Status 
0: The DPLL Lock signal is cleared. 


1: The DPLL Lock signal is asserted. 
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17. WODT —- Watchdog Timer 
17.1 Overview 
The Watchdog Timer (WDT) is a system function for monitoring correct program operation. It makes it possible to 
recover from error situations such as runaway or deadlocked code. The WDT is configured to a predefined time-out 
period, and is constantly running when enabled. If the WDT is not cleared within the time-out period, it will issue a 
system reset. An early-warning interrupt is available to indicate an upcoming watchdog time-out condition. 
The window mode makes it possible to define a time slot (or window) inside the total time-out period during which the 
WDT must be cleared. If the WDT is cleared outside this window, either too early or too late, a system reset will be 
issued. Compared to the normal mode, this can also catch situations where a code error causes the WDT to be 
cleared frequently. 
When enabled, the WDT will run in active mode and all sleep modes. It is asynchronous and runs from a CPU- 
independent clock source.The WDT will continue operation and issue a system reset or interrupt even if the main 
clocks fail. 
17.2 Features 
e Issues a system reset if the Watchdog Timer is not cleared before its time-out period 
e Early Warning interrupt generation 
e Asynchronous operation from dedicated oscillator 
e Two types of operation: 
e Normal mode 
e Window mode 
e Selectable time-out periods, from 8 cycles to 16,000 cycles in normal mode or 16 cycles to 32,000 cycles in 
window mode 
e Always-on capability 
17.3. Block Diagram 
Figure 17-1. WDT Block Diagram 
OxA5 
GCLK_WDT 
PER/WINDOW/EWOFFSET 
Early Warning Interrupt 
|_______» Reset 
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17.4 Signal Description 
Not applicable. 

17.5 Product Dependencies 
In order to use this peripheral, other parts of the system must be configured correctly, as described below. 

17.5.1 I/O Lines 
Not applicable. 

17.5.2 Power Management 
The WDT can continue to operate in any sleep mode where the selected source clock is running. The WDT interrupts 
can be used to wake up the device from sleep modes. The events can trigger other operations in the system without 
exiting sleep modes. Refer to “PIM — Power Manager” on page 110 for details on the different sleep modes. 

17.5.3 Clocks 
The WDT bus clock (CLK_WDT_APB) is enabled by default, and can be enabled and disabled in the Power Manager. 
Refer to “PM — Power Manager” on page 110 for details. 
A generic clock (GCLK_WDT) is required to clock the WDT. This clock must be configured and enabled in the Generic 
Clock Controller before using the WDT. Refer to “GCLK — Generic Clock Controller’ on page 88 for details. 
This generic clock is asynchronous to the user interface clock (CLK_WDT_APB). Due to this asynchronicity, 
accessing certain registers will require synchronization between the clock domains. Refer to “Synchronization” on 
page 214 for further details. 
GCLK_WDT is intended to be sourced from the clock of the internal ultra-low-power (ULP) oscillator. Due to the ultra- 
low-power design, the oscillator is not very accurate, and so the exact time-out period may vary from device to device. 
This variation must be kept in mind when designing software that uses the WDT to ensure that the time-out periods 
used are valid for all devices. For more information on ULP oscillator accuracy, consult the “Ultra Low Power Internal 
32kHz RC Oscillator (OQSCULP32K) Characteristics” on page 890. 
GCLK_WDT can also be clocked from other sources if a more accurate clock is needed, but at the cost of higher 
power consumption. 

17.5.4 DMA 
Not applicable. 

17.5.5 Interrupts 
The interrupt request line is connected to the Interrupt Controller. Using the WDT interrupts requires the interrupt 
controller to be configured first. Refer to “Nested Vector Interrupt Controller” on page 26 for details. 

17.5.6 Events 
Not applicable. 

17.5.7 Debug Operation 
When the CPU is halted in debug mode, the WDT will halt normal operation. This peripheral can be forced to continue 
operation during debugging. 

17.5.8 Register Access Protection 
All registers with write-access are optionally write-protected by the peripheral access controller (PAC), except the 
following registers: 
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e Interrupt Flag Status and Clear register (INTFLAG) 
Write-protection is denoted by the Write-Protection property in the register description. 
When the CPU is halted in debug mode, all write-protection is automatically disabled. 


Write-protection does not apply for accesses through an external debugger. Refer to “PAC — Peripheral Access 
Controller” on page 30 for details. 


17.5.9 Analog Connections 


17.6 


17.6.1 


Not applicable. 


Functional Description 


Principle of Operation 


The Watchdog Timer (WDT) is a system for monitoring correct program operation, making it possible to recover from 
error situations such as runaway code by issuing a reset. When enabled, the WDT is a constantly running timer that is 
configured to a predefined time-out period. Before the end of the time-out period, the WDT should be reconfigured. 


The WDT has two modes of operation, normal and window. Additionally, the user can enable Early Warning interrupt 
generation in each of the modes. The description for each of the basic modes is given below. The settings in the 
Control register (CTRL) and the Interrupt Enable register (INTENCLR/SET - refer to INTENCLR) determine the mode 
of operation, as illustrated in Table 17-1. 


Table 17-1. WDT Operating Modes 














CTRL.ENABLE CTRL.WEN INTENSET.EW Mode 
0 x x Stopped 
1 0 0 Normal 
1 0 1 Normal with Early Warning interrupt 
1 1 0 Window 
1 1 1 Window with Early Warning interrupt 




















17.6.2 Basic Operation 


17.6.2.1 Initialization 


The following bits are enable-protected: 

e Window Mode Enable in the Control register (CTRL.WEN) 

e Always-On in the Control register (CTRL.ALWAYSON) 
The following registers are enable-protected: 

e Control register (CTRL), except the Enable bit (CTRL.ENABLE) 

e Configuration register (CONFIG) 

e Early Warning Interrupt Control register (EVVCTRL) 
Any writes to these bits or registers when the WDT is enabled or is being enabled (CTRL.ENABLE is one) will be 
discarded. Writes to these registers while the WDT is being disabled will be completed after the disabling is complete. 
Enable-protection is denoted by the Enable-Protected property in the register description. 


Initialization of the WDT can be done only while the WDT is disabled. 
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Normal Mode 
e Defining the required Time-Out Period bits in the Configuration register (CONFIG.PER). 


Normal Mode with Early Warning interrupt 
e Defining the required Time-Out Period bits in the Configuration register (CONFIG.PER). 


e Defining Early Warning Interrupt Time Offset bits in the Early Warning Interrupt Control register (EWCTRL. 
EWOFFSET). 


e Setting Early Warning Interrupt Enable bit in the Interrupt Enable Set register (INTENSET.EW). 


Window Mode 
e Defining Time-Out Period bits in the Configuration register (CONFIG.PER). 
e Defining Window Mode Time-Out Period bits in the Configuration register (CONFIG. WINDOW). 
e Setting Window Enable bit in the Control register (CTRL.WEN). 


Window Mode with Early Warning interrupt 

e Defining Time-Out Period bits in the Configuration register (CONFIG.PER). 

e Defining Window Mode Time-Out Period bits in the Configuration register (CONFIG.WINDOW). 
e Setting Window Enable bit in the Control register (CTRL.WEN). 
® 


Defining Early Warning Interrupt Time Offset bits in the Early Warning Interrupt Control register (EWCTRL. 
EWOFFSET). 


e Setting Early Warning Interrupt Enable bit in the Interrupt Enable Set register (INTENSET.EW). 


17.6.2.2 Configurable Reset Values 
On a power-on reset, some registers will be loaded with initial values from the NVM User Row. Refer to “N\VVM User 
Row Mapping” on page 23 for more details. 
This encompasses the following bits and bit groups: 
Enable bit in the Control register (CTRL.ENABLE) 
Always-On bit in the Control register (CTRL.-ALWAYSON) 
Watchdog Timer Windows Mode Enable bit in the Control register (CTRL.WEN) 
Watchdog Timer Windows Mode Time-Out Period bits in the Configuration register (CONFIG. WINDOW) 
Time-Out Period in the Configuration register (CONFIG.PER) 
e Early Warning Interrupt Time Offset bits in the Early Warning Interrupt Control register (EWCTRL.EWOFFSET) 


For more information about fuse locations, see “N\VVM User Row Mapping” on page 23. 


17.6.2.3 Enabling and Disabling 


The WDT is enabled by writing a one to the Enable bit in the Control register (CTRL.ENABLE). The WDT is disabled 
by writing a zero to CTRL.ENABLE. 


The WDT can be disabled only while the Always-On bit in the Control register (CTRL.-ALWAYSON) is zero. 


17.6.2.4 Normal Mode 


In normal-mode operation, the length of a time-out period is configured in CONFIG.PER. The WDT is enabled by 
writing a one to the Enable bit in the Control register (CTRL.ENABLE). Once enabled, if the WDT is not cleared from 
the application code before the time-out occurs, the WDT will issue a system reset. There are 12 possible WDT time- 
out (TOwpr7) periods, selectable from 8ms to 16s, and the WDT can be cleared at any time during the time-out period. 
A new WDT time-out period will be started each time the WDT is cleared by writing OxA5 to the Clear register 
(CLEAR). Writing any value other than OxA5 to CLEAR will issue an immediate system reset. 


By default, WDT issues a system reset upon a time-out, and the early warning interrupt is disabled. If an early warning 
interrupt is required, the Early Warning Interrupt Enable bit in the Interrupt Enable register (INTENSET.EW) must be 
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enabled. Writing a one to the Early Warning Interrupt bit in the Interrupt Enable Set register (INTENSET.EW) enables 
the interrupt, and writing a one to the Early Warning Interrupt bit in the Interrupt Enable Clear register 
(INTENCLR.EW) disables the interrupt. If the Early Warning Interrupt is enabled, an interrupt is generated prior to a 
watchdog time-out condition. In normal mode, the Early Warning Offset bits in the Early Warning Interrupt Control 
register (EWCTRL.EWOFFSET) define the time where the early warning interrupt occurs. The normal-mode 
operation is illustrated in Figure 17-2. 


Figure 17-2. Normal-Mode Operation 
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17.6.2.5 Window Mode 


In window-mode operation, the WDT uses two different time-out periods, a closed window time-out period (TOwptTw) 
and the normal, or open, time-out period (TOwprT). The closed window time-out period defines a duration from 8ms to 
16s where the WDT cannot be reset. If the WDT is cleared during this period, the WDT will issue a system reset. The 
normal WDT time-out period, which is also from 8ms to 16s, defines the duration of the open period during which the 
WDT can be cleared. The open period will always follow the closed period, and so the total duration of the time-out 
period is the sum of the closed window and the open window time-out periods. The closed window is defined by the 
Window Period bits in the Configuration register (CONFIG.WINDOW), and the open window is defined by the Period 
bits in the Configuration register (CONFIG.PER). 


By default, the WDT issues a system reset upon a time-out and the Early Warning interrupt is disabled. If an Early 
Warning interrupt is required, INTENCLR/SET.EW must be set. Writing a one to INTENSET.EW enables the interrupt, 
and writing a one to INTENCLR.EW disables the interrupt. If the Early Warning interrupt is enabled in window mode, 
the interrupt is generated at the start of the open window period. 


The window mode operation is illustrated in Figure 17-3. 


Atmel | SMART SAM D11 [DATASHEET 212 
Atmel | 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





Figure 17-3. Window-Mode Operation 
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17.6.3 Additional Features 


17.6.3.1 Always-On Mode 


The always-on mode is enabled by writing a one to the Always-On bit in the Control register (CTRL.-ALWAYSON). 
When the always-on mode is enabled, the WDT runs continuously, regardless of the state of CTRL.ENABLE. Once 
written, the Always-On bit can only be cleared by a power-on reset. The Configuration (CONFIG) and Early Warning 
Control (EWCTRL) registers are read-only registers while the CTRL.-ALWAYSON bit is set. Thus, the time period 
configuration bits (CONFIG.PER, CONFIG.WINDOW, EWCTRL.EWOFFSET) of the WDT cannot be changed. 


Enabling or disabling window-mode operation by writing the Window Enable bit (CTRL.WEN) is allowed while in the 
always-on mode, but note that CONFIG.PER cannot be changed. 


The Interrupt Clear and Interrupt Set registers are accessible in the always-on mode. The Early Warning interrupt can 
still be enabled or disabled while in the always-on mode, but note that EWCTRL.EWOFFSET cannot be changed. 


Table 17-2 shows the operation of the WDT when CTRL.ALWAYSON is set. 


Table 17-2. WDT Operating Modes With Always-On 











CTRL.WEN INTENSET.EW Mode 
0 0 Always-on and normal mode 
0 1 Always-on and normal mode with Early Warning interrupt 
1 0 Always-on and window mode 
1 1 Always-on and window mode with Early Warning interrupt 

















17.6.4 Interrupts 


The WDT has the following interrupt sources: 
e = Early Warning 


Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status and Clear 
register (INTFLAG) is set when the interrupt condition occurs. Each interrupt can be individually enabled by writing a 
one to the corresponding bit in the Interrupt Enable Set register (INTENSET), and disabled by writing a one to the 
corresponding bit in the Interrupt Enable Clear register (INTENCLR). An interrupt request is generated when the 
interrupt flag is set and the corresponding interrupt is enabled. The interrupt request remains active until the interrupt 
flag is cleared, the interrupt is disabled or the WDT is reset. See INTFLAG for details on how to clear interrupt flags. 
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17.6.5 


The WDT has one common interrupt request line for all the interrupt sources. The user must read INTFLAG to 
determine which interrupt condition is present. 


Note that interrupts must be globally enabled for interrupt requests to be generated. Refer to “Nested Vector Interrupt 
Controller’ on page 26 for details. 


The Early Warning interrupt behaves differently in normal mode and in window mode. In normal mode, the Early 
Warning interrupt generation is defined by the Early Warning Offset in the Early Warning Control register 
(EWCTRL.EWOFFSET). The Early Warning Offset bits define the number of GCLK_WDT clocks before the interrupt 
is generated, relative to the start of the watchdog time-out period. For example, if the WDT is operating in normal 
mode with CONFIG.PER = 0x2 and EWCTRL.EWOFFSET = 0x1, the Early Warning interrupt is generated 16 
GCLK_WDT clock cycles from the start of the watchdog time-out period, and the watchdog time-out system reset is 
generated 32 GCLK_WDT clock cycles from the start of the watchdog time-out period. The user must take caution 
when programming the Early Warning Offset bits. If these bits define an Early Warning interrupt generation time 
greater than the watchdog time-out period, the watchdog time-out system reset is generated prior to the Early 
Warning interrupt. Thus, the Early Warning interrupt will never be generated. 


In window mode, the Early Warning interrupt is generated at the start of the open window period. In a typical 
application where the system is in sleep mode, it can use this interrupt to wake up and clear the Watchdog Timer, 
after which the system can perform other tasks or return to sleep mode. 


Synchronization 
Due to the asynchronicity between CLK_WDT_APB and GCLK_WDT some registers must be synchronized when 
accessed. A register can require: 

e Synchronization when written 

e Synchronization when read 

e Synchronization when written and read 

e No synchronization 
When executing an operation that requires synchronization, the Synchronization Busy bit in the Status register 
(STATUS.SYNCBUSY) will be set immediately, and cleared when synchronization is complete. The synchronization 


Ready interrupt can be used to signal when sync is complete. This can be accessed via the Synchronization Ready 
Interrupt Flag in the Interrupt Flag Status and Clear register (INTFLAG.SSYNCRDY). 


If an operation that requires synchronization is executed while STATUS.SYNCBUSY is one, the bus will be stalled. All 
operations will complete successfully, but the CPU will be stalled and interrupts will be pending as long as the bus is 
stalled. 
The following registers need synchronization when written: 

e Control register (CTRL) 

e Clear register (CLEAR) 


Write-synchronization is denoted by the Write-Synchronized property in the register description. 
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17.7 Register Summary 


Table 17-3. Register Summary 






























































Bit 
Offset Name Pos. 
0x0 CTRL 7:0 ALWAYSON WEN ENABLE 
Ox1 CONFIG 7:0 WINDOW[3:0] PER[3:0] 
0x2 EWCTRL 7:0 EWOFFSET[3:0] 
0x3 Reserved 
0x4 INTENCLR 7:0 EW 
0x5 INTENSET 7:0 EW 
Ox6 INTFLAG 7:0 EW 
Ox7 STATUS 7:0 SYNCBUSY 
0x8 CLEAR 7:0 CLEAR[7:0] 
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17.8 Register Description 


Registers can be 8, 16 or 32 bits wide. Atomic 8-, 16- and 32-bit accesses are supported. In addition, the 8-bit quarters 
and 16-bit halves of a 32-bit register and the 8-bit halves of a 16-bit register can be accessed directly. 


Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Write-protection is denoted by 
the Write-Protected property in each individual register description. Please refer to “Register Access Protection” on page 
209 for details. 


Some registers require synchronization when read and/or written. Synchronization is denoted by the Write-Synchronized 
or the Read-Synchronized property in each individual register description. Please refer to “Synchronization” on page 214 
for details. 


Some registers are enable-protected, meaning they can be written only when the WDT is disabled. Enable-protection is 
denoted by the Enable-Protected property in each individual register description. 
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17.8.1 Control 


Name: CTRL 
Offset: 0x0 
Reset: OxXX 
Access: Read-Write 
Property: - 

Bit 


7 6 5 4 3 2 1 0 
R/W R R R R R/W R/W R 


Reset X 0 0 0 0 X X 


Access 


e Bit 7- ALWAYSON: Always-On 
This bit allows the WDT to run continuously. After being written to one, this bit cannot be written to zero, and the 
WDT will remain enabled until a power-on reset is received. When this bit is one, the Control register (CTRL), the 
Configuration register (CONFIG) and the Early Warning Control register (EWCTRL) will be read-only, and any 
writes to these registers are not allowed. Writing a zero to this bit has no effect. 


0: The WDT is enabled and disabled through the ENABLE bit. 

1: The WDT is enabled and can only be disabled by a power-on reset (POR). 

This bit is not enable-protected. 

This bit is loaded from NVM User Row at startup. Refer to “NVM User Row Mapping” on page 23 for more details. 


e Bits 6:3 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 2- WEN: Watchdog Timer Window Mode Enable 
This bit enables window mode. 


This bit can only be written when CTRL.ENABLE is zero or CTRL.ALWAYSON is one: 

When CTRL.ALWAYSONZ=O, this bit is enable-protected by CTRL.ENABLE. 

When CTRL.ALWAYSON=‘1 this bit is not enable-protected by CTRL.ENABLE. 

The initial value of this bit is loaded from Flash Calibration. 

The initial value of this bit is loaded from Flash Calibration. 

0: Window mode is disabled (normal operation). 

1: Window mode is enabled. 

This bit is loaded from NVM User Row at startup. Refer to “NVM User Row Mapping” on page 23 for more details. 


e Bit 1- ENABLE: Enable 
This bit enables or disables the WDT. Can only be written while CTRL.ALWAYSON is zero. 


0: The WDT is disabled. 
1: The WDT is enabled. 


Due to synchronization, there is delay from writing CTRL.ENABLE until the peripheral is enabled/disabled. The 
value written to CTRL.ENABLE will read back immediately, and the Synchronization Busy bit in the Status register 
(STATUS.SYNCBUSY) will be set. STATUS.SYNCBUSY will be cleared when the operation is complete. 


This bit is not enable-protected. 
This bit is loaded from NVM User Row at startup. Refer to “NVM User Row Mapping” on page 23 for more details. 
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e Bit 0 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
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17.8.2 Configuration 


Name: CONFIG 
Offset: 0x1 
Reset: OxXX 
Access: Read-Write 
Property: - 
Bit 7 6 5 4 3 2 1 0 


WINDOWJ[S3:0] PER[3:0] 


Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset X X xX Xx xX x x x 
e = Bits 7:4 - WINDOW[3:0]: Window Mode Time-Out Period 


In window mode, these bits determine the watchdog closed window period as a number of oscillator cycles. The 
closed window periods are defined in Table 17-4. 

These bits are loaded from NVM User Row at startup. Refer to “NVM User Row Mapping” on page 23 for more 
details. 


Table 17-4. Window Mode Time-Out Period 









































WINDOWJ[3:0] Name Description 
0x0 8 8 clock cycles 
Ox1 16 16 clock cycles 
Ox2 32 32 clock cycles 
0x3 64 64 clock cycles 
Ox4 128 128 clock cycles 
Ox5 256 256 clock cycles 
Ox6 512 512 clock cycles 
Ox7 1K 1024 clock cycles 
0x8 2K 2048 clock cycles 
0x9 4K 4096 clock cycles 
OxA 8K 8192 clock cycles 
OxB 16K 16384 clock cycles 

Oxc-Oxf Reserved 














Atmel 


Bits 3:0 — PER[3:0]: Time-Out Period 

These bits determine the watchdog time-out period as a number of GCLK_WDT clock cycles. In window mode 
operation, these bits define the open window period. The different typical time-out periods are found in Table 17-5. 
These bits are loaded from NVM User Row at startup. Refer to “NVM User Row Mapping” on page 23 for more 
details. 
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Table 17-5. Time-Out Period 


PER[3:0] 





Description 









































0x0 8 8 clock cycles 
Ox1 16 16 clock cycles 
Ox2 32 32 clock cycles 
0x3 64 64 clock cycles 
0x4 128 128 clock cycles 
Ox5 256 256 clock cycles 
Ox6 512 512 clock cycles 
Ox7 1K 1024 clock cycles 
0x8 2K 2048 clock cycles 
0x9 4K 4096 clock cycles 
OxA 8K 8192 clock cycles 
OxB 16K 16384 clock cycles 
Oxc-Oxf Reserved 
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17.8.3 Early Warning Interrupt Control 


Name: EWCTRL 
Offset: 0x2 
Reset: Ox0X 


Access: Read-Write 
Property: Write-Protected, Write-Synchronized 


Bit 7 6 5 4 3 2 1 0 

es 
Access R R R R R/W R/W R/W R/W 
Reset 0 0 0 0 x x x x 


e Bits 7:4 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 3:0 - EWOFFSET[3:0]: Early Warning Interrupt Time Offset 
These bits determine the number of GCLK_WDT clocks in the offset from the start of the watchdog time-out period 
to when the Early Warning interrupt is generated. The Early Warning Offset is defined in Table 17-6. These bits 
are loaded from NVM User Row at startup. Refer to “NVM User Row Mapping” on page 23 for more details. 


Table 17-6. Early Warning Interrupt Time Offset 





















































EWOFFSET[3:0] Name Description 
0x0 8 8 clock cycles 
Ox1 16 16 clock cycles 
Ox2 32 32 clock cycles 
0x3 64 64 clock cycles 
0x4 128 128 clock cycles 
Ox5 256 256 clock cycles 
Ox6 512 512 clock cycles 
Ox7 1K 1024 clock cycles 
0x8 2K 2048 clock cycles 
0x9 4K 4096 clock cycles 
OxA 8K 8192 clock cycles 
OxB 16K 16384 clock cycles 
Oxc-Oxf Reserved 
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17.8.4 Interrupt Enable Clear 


Name: INTENCLR 
Offset: 0x4 
Reset: 0x00 


Access: Read-Write 
Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 

a 
Access R R R R R R R R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes in this register 
will also be reflected in the Interrupt Enable Set register (INTENSET). 


e Bits 7:1 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 0 —- EW: Early Warning Interrupt Enable 
0: The Early Warning interrupt is disabled. 


1: The Early Warning interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit disables the Early Warning interrupt. 
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17.8.5 Interrupt Enable Set 


Name: INTENSET 
Offset: Ox5 
Reset: 0x00 


Access: Read-Write 
Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 

a 
Access R R R R R R R R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes in this register 
will also be reflected in the Interrupt Enable Clear register (INTENCLR). 


e Bits 7:1 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 0 —- EW: Early Warning Interrupt Enable 
0: The Early Warning interrupt is disabled. 


1: The Early Warning interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit enables the Early Warning interrupt. 
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17.8.6 Interrupt Flag Status and Clear 


Name: INTFLAG 
Offset: Ox6 
Reset: 0x00 
Access: Read-Write 
Property: - 

Bit 


7 6 5 4 3 2 1 0 
a 
R R R R R R R R/W 


Reset 0 0 0 0 0 0 0 0 


Access 


e Bits 7:1 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 0 —- EW: Early Warning 
This flag is set when an Early Warning interrupt occurs, as defined by the EWOFFSET bit group in EWCTRL. 
Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Early Warning interrupt flag. 
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17.8.7 Status 
Name: STATUS 
Offset: Ox7 
Reset: 0x00 
Access: Read-Only 
Property: - 
Bit 


7 6 5 4 3 2 1 0 
R R R R R R R R 


Reset 0 


Access 


e Bit 7-—SYNCBUSY: Synchronization Busy 
This bit is cleared when the synchronization of registers between clock domains is complete. 
This bit is set when the synchronization of registers between clock domains is started. 


e Bits 6:0 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
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17.8.8 Clear 
Name: CLEAR 
Offset: 0x8 
Reset: 0x00 


Access: _Write-Only 
Property: Write-Protected, Write-Synchronized 


Bit 7 6 5 4 3 2 1 0 
Access Ww WwW WwW WwW WwW Ww Ww Ww 
Reset 0 0 0 0 0 0 0 0 


e Bits 7:0 - CLEAR[7:0]: Watchdog Clear 
Writing OxA5 to this register will clear the Watchdog Timer and the watchdog time-out period is restarted. Writing 
any other value will issue an immediate system reset. 


Table 17-7. Watchdog Clear 























(o) SNe) | Name Description 
Ox0-0xa4 Reserved 
OxA5 KEY Clear Key 
Oxa6-Oxff Reserved 
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18. RTC — Real-Time Counter 


18.1 Overview 


The Real-Time Counter (RTC) is a 32-bit counter with a 10-bit programmable prescaler that typically runs 
continuously to keep track of time. The RTC can wake up the device from sleep modes using the alarm/compare 
wake up, periodic wake up or overflow wake up mechanisms. 

The RTC is typically clocked by the 1.024kHz output from the 32.768kHz High-Accuracy Internal Crystal 
Oscillator(OSC32k) and this is the configuration optimized for the lowest power consumption. The faster 32.768kHz 


output can be selected if the RTC needs a resolution higher than ims. The RTC can also be clocked from other 
sources, selectable through the Generic Clock module (GCLKk). 


The RTC can generate periodic peripheral events from outputs of the prescaler, as well as alarm/compare interrupts 
and peripheral events, which can trigger at any counter value. Additionally, the timer can trigger an overflow interrupt 
and peripheral event, and be reset on the occurrence of an alarm/compare match. This allows periodic interrupts and 
peripheral events at very long and accurate intervals. 


The 10-bit programmable prescaler can scale down the clock source, and so a wide range of resolutions and time-out 
periods can be configured. With a 32.768kHz clock source, the minimum counter tick interval is 30.5us, and time-out 
periods can range up to 36 hours. With the counter tick interval configured to 1s, the maximum time-out period is more 
than 136 years. 


18.2 Features 
e 32-bit counter with 10-bit prescaler 
e Multiple clock sources 
e 32-bit or 16-bit Counter mode 
e@ One 32-bit or two 16-bit compare values 
e Clock/Calendar mode 
e Time in seconds, minutes and hours (12/24) 


e Date in day of month, month and year 
e Leap year correction 


Digital prescaler correction/tuning for increased accuracy 


Overflow, alarm/compare match and prescaler interrupts and events 
e Optional clear on alarm/compare match 


18.3 Block Diagram 


Figure 18-1. RTC Block Diagram (Mode 0 — 32-Bit Counter) 
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Figure 18-2. RTC Block Diagram (Mode 1 — 16-Bit Counter) 
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Figure 18-3. RTC Block Diagram (Mode 2 — Clock/Calendar) 
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18.4 Signal Description 
Not applicable. 


18.5 Product Dependencies 


In order to use this peripheral, other parts of the system must be configured correctly, as described below. 


18.5.1 I/O Lines 
Not applicable. 


18.5.2 Power Management 


The RTC can continue to operate in any sleep mode. The RTC interrupts can be used to wake up the device from 
sleep modes. The events can trigger other operations in the system without exiting sleep modes. Refer to “PM — 
Power Manager’ on page 110 for details on the different sleep modes. 


The RTC will be reset only at power-on (POR) or by writing a one to the Software Reset bit in the Control register 
(CTRL.SWRST). 
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18.5.3 


18.5.4 


18.5.5 


18.5.6 


18.5.7 


18.5.8 


18.5.9 


Clocks 


The RTC bus clock (CLK_RTC_APB) can be enabled and disabled in the Power Manager, and the default state of 
CLK_RTC_APB can be found in the Peripheral Clock Masking section in the “PIM — Power Manager” on page 110. 


A generic clock (GCLK_RTC) is required to clock the RTC. This clock must be configured and enabled in the Generic 
Clock Controller before using the RTC. Refer to “GCLK — Generic Clock Controller” on page 88 for details. 


This generic clock is asynchronous to the user interface clock (CLK_RTC_APB). Due to this asynchronicity, 
accessing certain registers will require synchronization between the clock domains. Refer to “Synchronization” on 
page 234 for further details. 


The RTC should never be used with the generic clock generator 0. 


DMA 
Not applicable. 


Interrupts 


The interrupt request line is connected to the Interrupt Controller. Using the RTC interrupts requires the interrupt 
controller to be configured first. Refer to “Nested Vector Interrupt Controller” on page 26 for details. 


Events 


To use the RTC event functionality, the corresponding events need to be configured in the event system. Refer to 
“EVSYS — Event System” on page 405 for details. 


Debug Operation 


When the CPU is halted in debug mode the RTC will halt normal operation. The RTC can be forced to continue 
operation during debugging. Refer to the DBGCTRL register for details. 


Register Access Protection 
All registers with write-access are optionally write-protected by the peripheral access controller (PAC), except the 
following registers: 
e Interrupt Flag Status and Clear register ( |NTFLAG) 
e Read Request register (READREQ) 
e Status register (STATUS) 
e Debug register (DBGCTRL) 
Write-protection is denoted by the Write-Protection property in the register description. 
When the CPU is halted in debug mode, all write-protection is automatically disabled. 


Write-protection does not apply for accesses through an external debugger. Refer to “PAC — Peripheral Access 
Controller’ on page 30 for details. 


Analog Connections 


A 32.768kHz crystal can be connected to the XIN32 and XOUT32 pins, along with any required load capacitors. For 
details on recommended crystal characteristics and load capacitors, refer to “Electrical Characteristics” on page 858 
for details. 
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18.6 Functional Description 


18.6.1 Principle of Operation 


The RTC keeps track of time in the system and enables periodic events, as well as interrupts and events at a 
specified time. The RTC consists of a 10-bit prescaler that feeds a 32-bit counter. The actual format of the 32-bit 
counter depends on the RTC operating mode. 


18.6.2 Basic Operation 


18.6.2.1 Initialization 
The following bits are enable-protected, meaning that they can only be written when the RTC is disabled 
(CTRL.ENABLE is zero): 
e Operating Mode bits in the Control register (CTRL.MODE) 
e Prescaler bits in the Control register (CTRL.PRESCALER) 
e Clear on Match bit in the Control register (CTRL.MATCHCLR) 
e Clock Representation bit in the Control register (CTRL.CLKREP) 
The following register is enable-protected: 
e Event Control register (EVCTRL) 
Any writes to these bits or registers when the RTC is enabled or being enabled (CTRL.ENABLE is one) will be 


discarded. Writes to these bits or registers while the RTC is being disabled will be completed after the disabling is 
complete. 


Enable-protection is denoted by the Enable-Protection property in the register description. 


Before the RTC is enabled, it must be configured, as outlined by the following steps: 


e RTC operation mode must be selected by writing the Operating Mode bit group in the Control register 
(CTRL.MODE) 


e Clock representation must be selected by writing the Clock Representation bit in the Control register 
(CTRL.CLKREP) 


e Prescaler value must be selected by writing the Prescaler bit group in the Control register (CTRL.PRESCALER) 


The RTC prescaler divides down the source clock for the RTC counter. The frequency of the RTC clock 
(CLK_RTC_CNT) is given by the following formula: 


7 SGCLK RTC 
SCLK_RTC_CNT ~ 3PRESCALER 


The frequency of the generic clock, GCLK_RTC, is given by fgcik atc: aNd fork Rtc_cnt iS the frequency of the internal 
prescaled RTC clock, CLK_RTC_CNT. 


Note that in the Clock/Calendar mode, the prescaler must be configured to provide a 1Hz clock to the counter for 
correct operation. 
18.6.2.2 Enabling, Disabling and Resetting 


The RTC is enabled by writing a one to the Enable bit in the Control register (CTRL.ENABLE). The RTC is disabled by 
writing a zero to CTRL.ENABLE. 


The RTC should be disabled before resetting it. 


The RTC is reset by writing a one to the Software Reset bit in the Control register (CTRL.SWRST). All registers in the 
RTC, except DBGCTRL, will be reset to their initial state, and the RTC will be disabled. 


Refer to the CTRL register for details. 
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18.6.3 Operating Modes 


The RTC counter supports three RTC operating modes: 32-bit Counter, 16-bit Counter and Clock/Calendar. The 
operating mode is selected by writing to the Operating Mode bit group in the Control register (CTRL.MODE). 


18.6.3.1 32-Bit Counter (Mode 0) 


When the RTC Operating Mode bits in the Control register (CTRL.MODE) are zero, the counter operates in 32-bit 
Counter mode. The block diagram of this mode is shown in Figure 18-1. When the RTC is enabled, the counter will 
increment on every 0-to-1 transition of CLK_RTC_CNT. The counter will increment until it reaches the top value of 
OxFFFFFFFF, and then wrap to 0x00000000. This sets the Overflow interrupt flag in the Interrupt Flag Status and 
Clear register (INTFLAG.OVF). 


The RTC counter value can be read from or written to the Counter Value register (COUNT) in 32-bit format. 


The counter value is continuously compared with the 32-bit Compare registers (COMPOn, n=0—1). When a compare 
match occurs, the Compare On interrupt flag in the Interrupt Flag Status and Clear register (INTFLAG.CMPOn) is set 
on the next 0-to-1 transition of CLK_RTC_CNT. 

If the Clear on Match bit in the Control register (CTRL.MATCHCLR) is one, the counter is cleared on the next counter 
cycle when a compare match with COMPOn occurs. This allows the RTC to generate periodic interrupts or events with 
longer periods than are possible with the prescaler events. Note that when CTRL.MATCHCLR is one, 
INTFLAG.CMP0n and INTFLAG.OVF will both be set simultaneously on a compare match with COMPOn. 


18.6.3.2 16-Bit Counter (Mode 1) 


When CTRL.MODE is one, the counter operates in 16-bit Counter mode as shown in Figure 18-2. When the RTC is 
enabled, the counter will increment on every 0-to-1 transition of CLK_RTC_CNT. In 16-bit Counter mode, the 16-bit 
Period register (PER) holds the maximum value of the counter. The counter will increment until it reaches the PER 
value, and then wrap to 0x0000. This sets the Overflow interrupt flag in the Interrupt Flag Status and Clear register 
(INTFLAG.OVF). 


The RTC counter value can be read from or written to the Counter Value register (COUNT) in 16-bit format. 


The counter value is continuously compared with the 16-bit Compare registers (COMPn, n=0—1). When a compare 
match occurs, the Compare n interrupt flag in the Interrupt Flag Status and Clear register (INTFLAG.CMPn, n=0-1) is 
set on the next 0-to-1 transition of CLK_RTC_CNT. 


18.6.3.3 Clock/Calendar (Mode 2) 


When CTRL.MODE is two, the counter operates in Clock/Calendar mode, as shown in Figure 18-3. When the RTC is 
enabled, the counter will increment on every 0-to-1 transition of CLK_RTC_CNT. The selected clock source and RTC 
prescaler must be configured to provide a 1Hz clock to the counter for correct operation in this mode. 


The time and date can be read from or written to the Clock Value register (CLOCK) in a 32-bit time/date format. Time 
is represented as: 

e Seconds 

e  =©Minutes 

e Hours 
Hours can be represented in either 12- or 24-hour format, selected by the Clock Representation bit in the Control 
register (CTRL.CLKREP). This bit can be changed only while the RTC is disabled. 
Date is represented as: 

e Day as the numeric day of the month (starting at 1) 

e Month as the numeric month of the year (1 = January, 2 = February, etc.) 

e Year as a value counting the offset from a reference value that must be defined in software 
The date is automatically adjusted for leap years, assuming every year divisible by 4 is a leap year. Therefore, the 
reference value must be a leap year, e.g. 2000. The RTC will increment until it reaches the top value of 23:59:59 


December 31° of year 63, and then wrap to 00:00:00 January 1° of year 0. This will set the Overflow interrupt flag in 
the Interrupt Flag Status and Clear registers (INTFLAG.OVF). 
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The clock value is continuously compared with the 32-bit Alarm registers (ALARMOn, n=0—1). When an alarm match 
occurs, the Alarm On Interrupt flag in the Interrupt Flag Status and Clear registers (INTFLAG.ALARMn(O) is set on the 
next 0-to-1 transition of CLK_RTC_CNT. For a 1 Hz clock counter, it means the Alarm 0 Interrupt flag is set with a 
delay of 1 sec after the occurrence of alarm match. 


A valid alarm match depends on the setting of the Alarm Mask Selection bits in the Alarm On Mask register 
(MASKOn.SEL). These bits determine which time/date fields of the clock and alarm values are valid for comparison 
and which are ignored. 


If the Clear on Match bit in the Control register (CTRL.MATCHCLR) is one, the counter is cleared on the next counter 
cycle when an alarm match with ALARMOn occurs. This allows the RTC to generate periodic interrupts or events with 
longer periods than are possible with the prescaler events (see “Periodic Events” on page 232). Note that when 
CTRL.MATCHCLR is one, INTFLAG.ALARMO and INTFLAG.OVF will both be set simultaneously on an alarm match 
with ALARMOn. 


18.6.4 Additional Features 


18.6.4.1 Periodic Events 


The RTC prescaler can generate events at periodic intervals, allowing flexible system tick creation. Any of the upper 
eight bits of the prescaler (bits 2 to 9) can be the source of an event. When one of the Periodic Event Output bits in the 
Event Control register (EVCTRL.PEREOn) is one, an event is generated on the 0-to1 transition of the related bit in the 
prescaler, resulting in a periodic event frequency of: 


= sa GCLK _ RTC 
ff PERIODIC — 903 


fectk rtc is the frequency of the internal prescaler clock, GCLK_RTC, and n is the position of the EVCTRL.PEREOn 
bit. For example, PEREO will generate an event every 8 GCLK_RTC cycles, PEREO1 every 16 cycles, etc. This is 
shown in Figure 18-4. Periodic events are independent of the prescaler setting used by the RTC counter, except if 
CTRL.PRESCALER is zero. Then, no periodic events will be generated. 


Figure 18-4. Example Periodic Events 
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18.6.4.2 Frequency Correction 


The RTC Frequency Correction module employs periodic counter corrections to compensate for a too-slow or too-fast 
oscillator. Frequency correction requires that CTRL.PRESCALER is greater than 1. 


The digital correction circuit adds or subtracts cycles from the RTC prescaler to adjust the frequency in approximately 
1PPM steps. Digital correction is achieved by adding or skipping a single count in the prescaler once every 1024 
GCLK_RTC cycles. The Value bit group in the Frequency Correction register (FREQCORR.VALUE) determines the 
number of times the adjustment is applied over 976 of these periods. The resulting correction is as follows: 


_ FREQCORR.VALUE 


6 
1024 - 976 PERM 


Correction in PPM 


Atmel | SMART SAM D11 [DATASHEET 232 
Atmel | 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





18.6.5 


18.6.6 


18.6.7 


18.6.8 


Atmel 


This results in a resolution of 1.0006PPM. 


The Sign bit in the Frequency Correction register (FREQCORR.SIGN) determines the direction of the correction. A 
positive value will speed up the frequency, and a negative value will slow down the frequency. 


Digital correction also affects the generation of the periodic events from the prescaler. When the correction is applied 
at the end of the correction cycle period, the interval between the previous periodic event and the next occurrence 
may also be shortened or lengthened depending on the correction value. 


DMA Operation 
Not applicable. 


Interrupts 


The RTC has the following interrupt sources: 


Overflow (INTFLAG.OVF) 

Compare n (INTFLAG.CMPn) 

Alarm n (INTFLAG.ALARMn) 

Synchronization Ready (INTFLAG.SYNCRDY) 


Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status and Clear 
register (INTFLAG) is set when the interrupt condition occurs. Each interrupt can be individually enabled by writing a 
one to the corresponding bit in the Interrupt Enable Set register (INTENSET), and disabled by writing a one to the 
corresponding bit in the Interrupt Enable Clear register (INTENCLR). An interrupt request is generated when the 
interrupt flag is set and the corresponding interrupt is enabled. The interrupt request remains active until the interrupt 
flag is cleared, the interrupt is disabled or the RTC is reset. See INTFLAG for details on how to clear interrupt flags. 
The RTC has one common interrupt request line for all the interrupt sources. The user must read INTFLAG to 
determine which interrupt condition is present. 


Note that interrupts must be globally enabled for interrupt requests to be generated. Refer to “Nested Vector Interrupt 
Controller’ on page 26 for details. 


Events 
The RTC can generate the following output events, which are generated in the same way as the corresponding 
interrupts: 

e Overflow (OVF) 

e Period n (PERn) 

e Compare n (CMPn) 

e =Alarm n (ALARMn) 


Output events must be enabled to be generated. Writing a one to an Event Output bit in the Event Control register 
(EVCTRL.xxEO) enables the corresponding output event. Writing a zero to this bit disables the corresponding output 
event. Refer to “EVSYS — Event System” on page 405 for details. 


Sleep Mode Operation 


The RTC will continue to operate in any sleep mode where the source clock is active. The RTC interrupts can be used 
to wake up the device from a sleep mode, or the RTC events can trigger other operations in the system without exiting 
the sleep mode. 


An interrupt request will be generated after the wake-up if the Interrupt Controller is configured accordingly. Otherwise 
the CPU will wake up directly, without triggering an interrupt. In this case, the CPU will continue executing from the 
instruction following the entry into sleep. 
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The periodic events can also wake up the CPU through the interrupt function of the Event System. In this case, the 
event must be enabled and connected to an event channel with its interrupt enabled. See “EVSYS — Event System” 
on page 405 for more information. 


18.6.8.1 Shutdown Mode 


18.6.9 


Any of the RTC interrupt sources can wake up the device from the Shutdown mode if the RTC clock is configured to 
use a Clock that is available in Shutdown mode. The wake-up sources are enabled if the corresponding bit in the 
Interrupt Enable registers (INTENCLR/SET) is one. 


When waking up from Shutdown mode, all RTC registers will have the same value as before the Shutdown mode was 
entered, except the following registers: Interrupt Enable (INTENCLR/SET), Read Request (READREQ), Interrupt Flag 
Status and Clear (INTFLAG) and Debug (DBGCTRL). Note that INTENCLR/SET will be reset, with all interrupts 
turned off. The software must first reconfigure the Interrupt Controller, and then enable the interrupts again in the 
RTC. The Status register (STATUS) will show the status of the RTC, including the status bits set during shutdown 
operation. 


When waking up the system from shutdown, the CPU will start executing code from the reset start address. 


Synchronization 
Due to the asynchronicity between CLK_RTC_APB and GCLK_RTC some registers must be synchronized when 
accessed. A register can require: 

e = Synchronization when written 

e Synchronization when read 

e = Synchronization when written and read 

e No synchronization 
When executing an operation that requires synchronization, the Synchronization Busy bit in the Status register 
(STATUS.SYNCBUSY) will be set immediately, and cleared when synchronization is complete. The synchronization 


Ready interrupt can be used to signal when sync is complete. This can be accessed via the Synchronization Ready 
Interrupt Flag in the Interrupt Flag Status and Clear register (INTFLAG.SYNCRDY). 


If an operation that requires synchronization is executed while STATUS.SYNCBUSY is one, the bus will be stalled. All 
operations will complete successfully, but the CPU will be stalled and interrupts will be pending as long as the bus is 
stalled. 
The following bits need synchronization when written: 
e Software Reset bit in the Control register (CTRL.SWRST) 
e Enable bit in the Control register (CTRL.ENABLE) 
The following registers need synchronization when written: 
e The Counter Value register (COUNT) 
The Clock Value register (CLOCK) 
The Counter Period register (PER) 
The Compare n Value registers (COMPn) 
The Alarm n Value registers (ALARMn) 
The Frequency Correction register (FREQCORR) 
The Alarm n Mask register (MASKn) 


Write-synchronization is denoted by the Write-Synchronization property in the register description. 


The following registers need synchronization when read: 
e The Counter Value register (COUNT) 
e The Clock Value register (CLOCK) 


Read-synchronization is denoted by the Read-Synchronization property in the register description. 
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18.7 Register Summary 


The register mapping depends on the Operating Mode bits in the Control register (CTRL.MODE). The register summary 
is presented for each of the three modes. 


Table 18-1. MODEO - Mode Register Summary 































































































Bit 
Offset Name Pos. 

0x00 7:0 MATCHCLR MODE[1:0] ENABLE SWRST 
|___ CTRL 

0x01 15:8 PRESCALER{[3:0] 

0x02 7:0 ADDR[5:0] 
|__| READREQ 

0x03 15:8 RREQ RCONT 

0x04 7:0 PEREO7 PEREO6 PEREO5 PEREO4 PEREO3 PEREO2 PEREO1 PEREOO 
I EVCTRL 

0x05 15:8 OVFEO CMPEOO 

0x06 INTENCLR 7:0 OVF SYNCRDY CMPO 

0x07 INTENSET 7:0 OVF SYNCRDY CMPO 

0x08 INTFLAG 7:0 OVF SYNCRDY CMPO 

0x09 Reserved 

Ox0A STATUS 7:0 SYNCBUSY 

0x0B DBGCTRL 7:0 | DBGRUN 

0x0C FREQCORR 7:0 SIGN VALUE[6:0] 

0x0D 

oa Reserved 

Ox0F 

0x10 7:0 COUNT{[7:0] 

0x11 15:8 COUNT[15:8] 
— COUNT 

0x12 23:16 COUNT[23:16] 

0x13 31:24 COUNT[31:24] 

0x14 

en Reserved 

0x17 

0x18 7:0 COMPI7:0] 

0x19 15:8 COMP[15:8] 
——___. COMPO 

Ox1A 23:16 COMP[23:16] 

0x1B 31:24 COMP[31:24] 























Table 18-2. MODE‘ - Mode Register Summary 






























































Bit 
Offset Name Pos. 
0x00 7:0 MODE[1:0] ENABLE SWRST 
a CTRL 
0x01 15:8 PRESCALER[3:0] 
0x02 7:0 ADDR[5:0] 
IL; READREQ t 
0x03 15:8 RREQ RCONT 
0x04 7:0 PEREO7 PEREO6 PEREO5 PEREO4 PEREO3 PEREO2 PEREO1 PEREOO 
-————— EVCTRL 
0x05 15:8 OVFEO CMPEO1 CMPEOO 
0x06 INTENCLR 7:0 OVF SYNCRDY CMP1 CMPO 
0x07 INTENSET 7:0 OVF SYNCRDY CMP1 CMPO 
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Offset Name 
0x08 INTFLAG 7:0 OVF SYNCRDY CMP'1 CMPO 
0x09 Reserved 
Ox0A STATUS 7:0 SYNCBUSY 
0x0B DBGCTRL 7:0 DBGRUN 
0x0C FREQCORR 7:0 SIGN VALUE[6:0] 
0x0D 
a Reserved 
Ox0F 
0x10 7:0 COUNT([7:0] 
|__| COUNT 
0x11 15:8 COUNT[15:8] 
0x12 Reserved 
0x13 Reserved 
0x14 7:0 PER[7:0] 
|__| PER 
0x15 15:8 PER[15:8] 
0x16 Reserved 
0x17 Reserved 
0x18 7:0 COMPI7:0] 
po COMPO 
0x19 15:8 COMP[15:8] 
Ox1A 7:0 COMP{7:0] 
|__| COMP1 
0x1B 15:8 COMP[15:8] 























Table 18-3. MODE2 - Mode Register Summary 































































































Bit 
Offset Name Pos. 
0x00 7:0 MATCHCLR CLKREP MODE[1:0] ENABLE SWRST 
— CTRL 
0x01 15:8 PRESCALER{[3:0] 
0x02 7:0 ADDR[5:0] 
+; READREQ 
0x03 15:8 RREQ RCONT 
0x04 7:0 PEREO7 PEREO6 PEREO5 PEREO4 PEREO3 PEREO2 PEREO1 PEREOO 
I EVCTRL 
0x05 15:8 OVFEO ALARMEOO 
0x06 INTENCLR 7:0 OVF SYNCRDY ALARMO 
0x07 INTENSET 7:0 OVF SYNCRDY ALARMO 
0x08 INTFLAG 7:0 OVF SYNCRDY ALARMO 
0x09 Reserved 
Ox0A STATUS 7:0 SYNCBUSY 
0x0B DBGCTRL 7:0 DBGRUN 
0x0C FREQCORR 7:0 SIGN VALUE[6:0] 
0x0D 
ee Reserved 
Ox0F 
0x10 7:0 MINUTE[1:0] SECONDJ[5:0] 
0x11 15:8 HOUR[3:0] MINUTE[5:2] 
|__| CLOCK 
0x12 23:16 MONTH{[1:0] DAY[4:0] HOUR[4] 
0x13 31:24 YEAR[5:0] | MONTH{[3:2] 
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0x14 

= Reserved 
0x17 
0x18 7:0 MINUTE[1:0] SECONDJ[5:0] 
0x19 15:8 HOURJ3:0] MINUTE[5:2] 

ALARM 

Ox1A 23:16 MONTH[1:0] DAY[4:0] HOURJ4] 
0x1B 31:24 YEAR[5:0] MONTH{[3:2] 
0x1C MASK 7:0 SEL[2:0] 
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18.8 Register Description 


Registers can be 8, 16 or 32 bits wide. Atomic 8-, 16- and 32-bit accesses are supported. In addition, the 8-bit quarters 
and 16-bit halves of a 32-bit register and the 8-bit halves of a 16-bit register can be accessed directly. 


Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Write-protection is denoted by 
the Write-Protected property in each individual register description. Please refer to “Register Access Protection” on page 
229 for details. 


Some registers require synchronization when read and/or written. Synchronization is denoted by the Write-Synchronized 
or the Read-Synchronized property in each individual register description. Please refer to “Synchronization” on page 234 
for details. 


Some registers are enable-protected, meaning they can only be written when the RTC is disabled. Enable-protection is 
denoted by the Enable-Protected property in each individual register description. 
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18.8.1 Control - MODEO 

CTRL 

0x00 

0x0000 

Read-Write 

Write-Protected, Write-Synchronized 


Name: 
Offset: 
Reset: 
Access: 
Property: 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


7 6 5 4 
R/W R R R 


15 14 13 12 11 10 9 8 
es 
R R R R R/W R/W R/W R/W 
0 0 0 


3 2 1 


SWRST 


R/W R/W 


+i 


R/W 
0 0 0 0 0 0 0 


e. Bits 15:12 — Reserved 


Atmel 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 11:8 - PRESCALER[3:0]: Prescaler 
These bits define the prescaling factor for the RTC clock source (GCLK_RTC) to generate the counter clock 
(CLK_RTC_CNT). 
These bits are not synchronized. 


Table 18-4. Prescaler 



































PRESCALER[3:0] Name DY =X-Yoq a |e) (ey) 
0x0 DIV1 CLK_RTC_CNT = GCLK_RTC/1 
0x1 DIV2 CLK_RTC_CNT = GCLK_RTC/2 
0x2 DIV4 CLK_RTC_CNT = GCLK_RTC/4 
0x3 DIV8 CLK_RTC_CNT = GCLK_RTC/8 
0x4 DIV16 CLK_RTC_CNT = GCLK_RTC/16 
0x5 DIV32 CLK_RTC_CNT = GCLK_RTC/32 
0x6 DIV64 CLK_RTC_CNT = GCLK_RTC/64 
0x7 DIV128 CLK_RTC_CNT = GCLK_RTC/128 
0x8 DIV256 CLK_RTC_CNT = GCLK_RTC/256 
0x9 DIV512 CLK_RTC_CNT = GCLK_RTC/512 
OxA DIV1024 CLK_RTC_CNT = GCLK_RTC/1024 

Oxb-Oxf Reserved 
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Bit 7 - MATCHCLR: Clear on Match 

This bit is valid only in Mode 0 and Mode 2. 

0: The counter is not cleared on a Compare/Alarm 0 match. 
1: The counter is cleared on a Compare/Alarm 0 match. 
This bit is not synchronized. 


Bits 6:4 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bits 3:2 - MODE[1:0]: Operating Mode 
These bits define the operating mode of the RTC. 
These bits are not synchronized. 


Table 18-5. Operating Mode 














iY Co) B) = i tt) | Name DY =X-oq a |e) (oy) 
0x0 COUNT32 Mode 0: 32-bit Counter 
0x1 COUNT16 Mode 1: 16-bit Counter 
0x2 CLOCK Mode 2: Clock/Calendar 
0x3 Reserved 














Bit 1 - ENABLE: Enable 

0: The peripheral is disabled or being disabled. 

1: The peripheral is enabled or being enabled. 

Due to synchronization, there is delay from writing CTRL.ENABLE until the peripheral is enabled/disabled. The 
value written to CTRL.ENABLE will read back immediately, and the Synchronization Busy bit in the Status register 
(STATUS.SYNCBUSY) will be set. STATUS.SYNCBUSY will be cleared when the operation is complete. 


This bit is not enable-protected. 


Bit 0 - SWRST: Software Reset 

0: There is no reset operation ongoing. 

1: The reset operation is ongoing. 

Writing a zero to this bit has no effect. 

Writing a one to this bit resets all registers in the RTC, except DBGCTRL, to their initial state, and the RTC will be 
disabled. 

Writing a one to CTRL.SWRST will always take precedence, meaning that all other writes in the same write-oper- 
ation will be discarded. 

Due to synchronization, there is a delay from writing CTRL.SWRST until the reset is complete. CTRL.SWRST and 
STATUS.SYNCBUSY will both be cleared when the reset is complete. 

This bit is not enable-protected. 
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18.8.2 Control - MODE1 

CTRL 

0x00 

0x0000 

Read-Write 

Write-Protected, Write-Synchronized 


Name: 
Offset: 
Reset: 
Access: 
Property: 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


7 6 5 4 
R R R R 


15 14 13 12 11 10 9 8 
es 
R R R R R/W R/W R/W R/W 
0 0 0 


3 2 1 


SWRST 


R/W R/W 


+i 


R/W 
0 0 0 


e.. Bits 15:12 — Reserved 


Atmel 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 11:8 - PRESCALER[3:0]: Prescaler 
These bits define the prescaling factor for the RTC clock source (GCLK_RTC) to generate the counter clock 
(CLK_RTC_CNT). 
These bits are not synchronized. 


Table 18-6. Prescaler 



































PRESCALER[3:0] Name DY =X-Yoq a |e) (ey) 
0x0 DIV1 CLK_RTC_CNT = GCLK_RTC/1 
0x1 DIV2 CLK_RTC_CNT = GCLK_RTC/2 
0x2 DIV4 CLK_RTC_CNT = GCLK_RTC/4 
0x3 DIV8 CLK_RTC_CNT = GCLK_RTC/8 
0x4 DIV16 CLK_RTC_CNT = GCLK_RTC/16 
0x5 DIV32 CLK_RTC_CNT = GCLK_RTC/32 
0x6 DIV64 CLK_RTC_CNT = GCLK_RTC/64 
0x7 DIV128 CLK_RTC_CNT = GCLK_RTC/128 
0x8 DIV256 CLK_RTC_CNT = GCLK_RTC/256 
0x9 DIV512 CLK_RTC_CNT = GCLK_RTC/512 
OxA DIV1024 CLK_RTC_CNT = GCLK_RTC/1024 

Oxb-Oxf Reserved 
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Bits 7:4 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bits 3:2 - MODE[1:0]: Operating Mode 
These bits define the operating mode of the RTC. 
These bits are not synchronized. 


Table 18-7. Operating Mode 














MODE[1:0] Name Description 
0x0 COUNT32 Mode 0: 32-bit Counter 
0x1 COUNT16 Mode 1: 16-bit Counter 
0x2 CLOCK Mode 2: Clock/Calendar 
0x3 Reserved 














Bit 1 - ENABLE: Enable 

0: The peripheral is disabled or being disabled. 

1: The peripheral is enabled or being enabled. 

Due to synchronization, there is delay from writing CTRL.ENABLE until the peripheral is enabled/disabled. The 
value written to CTRL.ENABLE will read back immediately, and the Synchronization Busy bit in the Status register 
(STATUS.SYNCBUSY) will be set. STATUS.SYNCBUSY will be cleared when the operation is complete. 


This bit is not enable-protected. 


Bit 0 - SWRST: Software Reset 

0: There is no reset operation ongoing. 

1: The reset operation is ongoing. 

Writing a zero to this bit has no effect. 

Writing a one to this bit resets all registers in the RTC, except DBGCTRL, to their initial state, and the RTC will be 
disabled. 

Writing a one to CTRL.SWRST will always take precedence, meaning that all other writes in the same write-oper- 
ation will be discarded. 

Due to synchronization, there is a delay from writing CTRL.SWRST until the reset is complete. CTRL.SWRST and 
STATUS.SYNCBUSY will both be cleared when the reset is complete. 

This bit is not enable-protected. 
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18.8.3 Control - MODE2 

CTRL 

0x00 

0x0000 

Read-Write 

Write-Protected, Write-Synchronized 


Name: 
Offset: 
Reset: 
Access: 
Property: 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


7 6 5 4 
MATCHCLR CLKREP (ees ee MODE[1:0] ENABLE 
R/W R/W R R 


15 14 13 12 11 10 9 8 
es 
R R R R R/W R/W R/W R/W 
0 0 0 


3 2 1 


SWRST 


R/W R/W 


+i 


R/W 
0 0 0 0 0 0 0 


e. Bits 15:12 — Reserved 


Atmel 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 11:8 - PRESCALER[3:0]: Prescaler 
These bits define the prescaling factor for the RTC clock source (GCLK_RTC) to generate the counter clock 
(CLK_RTC_CNT). 
These bits are not synchronized. 


Table 18-8. Prescaler 



































PRESCALER[3:0] Name DY =X-Yoq a |e) (ey) 
0x0 DIV1 CLK_RTC_CNT = GCLK_RTC/1 
0x1 DIV2 CLK_RTC_CNT = GCLK_RTC/2 
0x2 DIV4 CLK_RTC_CNT = GCLK_RTC/4 
0x3 DIV8 CLK_RTC_CNT = GCLK_RTC/8 
0x4 DIV16 CLK_RTC_CNT = GCLK_RTC/16 
0x5 DIV32 CLK_RTC_CNT = GCLK_RTC/32 
0x6 DIV64 CLK_RTC_CNT = GCLK_RTC/64 
0x7 DIV128 CLK_RTC_CNT = GCLK_RTC/128 
0x8 DIV256 CLK_RTC_CNT = GCLK_RTC/256 
0x9 DIV512 CLK_RTC_CNT = GCLK_RTC/512 
OxA DIV1024 CLK_RTC_CNT = GCLK_RTC/1024 

Oxb-Oxf Reserved 

















Atmel | SMART SAM D11 [DATASHEET] 243 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





Bit 7 - MATCHCLR: Clear on Match 
This bit is valid only in Mode 0 and Mode 2. This bit can be written only when the peripheral is disabled. 


0: The counter is not cleared on a Compare/Alarm 0 match. 
1: The counter is cleared on a Compare/Alarm 0 match. 
This bit is not synchronized. 


Bit 6 - CLKREP: Clock Representation 

This bit is valid only in Mode 2 and determines how the hours are represented in the Clock Value (CLOCK) regis- 
ter. This bit can be written only when the peripheral is disabled. 

0: 24 Hour 

1: 12 Hour (AM/PM) 

This bit is not synchronized. 


Bits 5:4 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bits 3:2 - MODE[1:0]: Operating Mode 
These bits define the operating mode of the RTC. 
These bits are not synchronized. 


Table 18-9. Operating Mode 














MODE[1:0] Name Description 
0x0 COUNT32 Mode 0: 32-bit Counter 
0x1 COUNT16 Mode 1: 16-bit Counter 
0x2 CLOCK Mode 2: Clock/Calendar 
0x3 Reserved 














Atmel 


Bit 1 - ENABLE: Enable 

0: The peripheral is disabled or being disabled. 

1: The peripheral is enabled or being enabled. 

Due to synchronization, there is delay from writing CTRL.ENABLE until the peripheral is enabled/disabled. The 
value written to CTRL.ENABLE will read back immediately, and the Synchronization Busy bit in the Status register 
(STATUS.SYNCBUSY) will be set. STATUS.SYNCBUSY will be cleared when the operation is complete. 

This bit is not enable-protected. 


Bit 0 - SWRST: Software Reset 

0: There is no reset operation ongoing. 

1: The reset operation is ongoing. 

Writing a zero to this bit has no effect. 

Writing a one to this bit resets all registers in the RTC, except DBGCTRL, to their initial state, and the RTC will be 
disabled. 

Writing a one to CTRL.SWRST will always take precedence, meaning that all other writes in the same write-oper- 
ation will be discarded. 

Due to synchronization, there is a delay from writing CTRL.SWRST until the reset is complete. CTRL.SWRST and 
STATUS.SYNCBUSY will both be cleared when the reset is complete. 

This bit is not enable-protected. 
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18.8.4 Read Request 


Name: READREQ 
Offset: 0x02 
Reset: 0x0010 
Access: Read-Write 
Property: - 
Bit 15 14 13 12 11 10 9 8 
[area | scorn 
Access Ww R/W R R R R R R 
Reset 0 0 
Bit 7 6 5 4 3 2 1 0 
kk ZO 
Access R R R R R R R R 
Reset 0 0 0 1 


e Bit 15 - RREQ: Read Request 
Writing a zero to this bit has no effect. 
Writing a one to this bit requests synchronization of the register pointed to by the Address bit group (READ- 
REQ.ADDR) and sets the Synchronization Busy bit in the Status register (STATUS.SYNCBUSY). 


e Bit 14- RCONT: Read Continuously 
Writing a zero to this bit disables continuous synchronization. 
Writing a one to this bit enables continuous synchronization of the register pointed to by READREQ.ADDR. The 
register value will be synchronized automatically every time the register is updated. READREQ.RCONT prevents 
READREQ.RREQ from clearing automatically. 
This bit is cleared when the register pointed to by READREQ.ADDR is written. 


e Bits 13:6 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 5:0 - ADDR[5:0]: Address 
These bits select the offset of the register that needs read synchronization. In the RTC only COUNT and CLOCK, 
which share the same address, are available for read synchronization. Therefore, ADDR is a read-only constant of 
0x10. 
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18.8.5 Event Control - MODEO 
Name: EVCTRL 
Offset: 0x04 
Reset: 0x0000 
Access: Read-Write 
Property: Write-Protected 


Bit 15 14 13 12 11 10 9 8 
os 

Access R/W R R R R R R R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


e Bit 15 - OVFEO: Overflow Event Output Enable 
0: Overflow event is disabled and will not be generated. 


1: Overflow event is enabled and will be generated for every overflow. 


e Bits 14:9 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 8 -CMPEO: Compare x Event Output Enable 
0: Compare 0 event is disabled and will not be generated. 


1: Compare 0 event is enabled and will be generated for every compare match. 


e Bits 7:0 - PEREOx [x=7..0]: Periodic Interval x Event Output Enable 
0: Periodic Interval x event is disabled and will not be generated. 


1: Periodic Interval x event is enabled and will be generated. 
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18.8.6 Event Control - MODE1 
Name: EVCTRL 
Offset: 0x04 
Reset: 0x0000 
Access: Read-Write 
Property: Write-Protected 


Bit 15 14 13 12 11 10 9 8 
oe 

Access R/W R R R R R R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


e Bit 15 - OVFEO: Overflow Event Output Enable 
0: Overflow event is disabled and will not be generated. 


1: Overflow event is enabled and will be generated for every overflow. 


e Bits 14:10 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 9:8 - CMPEOx [x=1..0]: Compare x Event Output Enable 
0: Compare x event is disabled and will not be generated. 


1: Compare x event is enabled and will be generated for every compare match. 


e Bits 7:0 - PEREOx [x=7..0]: Periodic Interval x Event Output Enable 
0: Periodic Interval x event is disabled and will not be generated. 
1: Periodic Interval x event is enabled and will be generated. 
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18.8.7 Event Control - MODE2 
Name: EVCTRL 
Offset: 0x04 
Reset: 0x0000 
Access: Read-Write 
Property: Write-Protected 


Bit 15 14 13 12 11 10 9 8 
es 

Access R/W R R R R R R R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


e Bit 15 - OVFEO: Overflow Event Output Enable 
0: Overflow event is disabled and will not be generated. 


1: Overflow event is enabled and will be generated for every overflow. 


e Bits 14:9 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 8-ALARMEO: Alarm x Event Output Enable 
0: Alarm 0 event is disabled and will not be generated. 


1: Alarm 0 event is enabled and will be generated for every alarm. 


e Bits 7:0 - PEREOx [x=7..0]: Periodic Interval x Event Output Enable 
0: Periodic Interval x event is disabled and will not be generated. 
1: Periodic Interval x event is enabled and will be generated. 
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18.8.8 


Interrupt Enable Clear - MODEO 
Name: INTENCLR 

Offset: 0x06 

Reset: 0x00 


Access: Read-Write 
Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 

Og 
Access R/W R/W R R R R R R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes in this register 
will also be reflected in the Interrupt Enable Set register (INTENSET). 


e Bit 7 — OVF: Overflow Interrupt Enable 
0: The Overflow interrupt is disabled. 
1: The Overflow interrupt is enabled, and an interrupt request will be generated when the Overflow interrupt flag is 
set. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Overflow Interrupt Enable bit and disable the corresponding interrupt. 


e Bit 6 - SYNCRDY: Synchronization Ready Interrupt Enable 
0: The Synchronization Ready interrupt is disabled. 
1: The Synchronization Ready interrupt is enabled, and an interrupt request will be generated when the Synchroni- 
zation Ready interrupt flag is set. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Synchronization Ready Interrupt Enable bit and disable the corresponding 
interrupt. 


e Bits 5:1 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 0 - CMP: Compare x Interrupt Enable 
0: The Compare 0 interrupt is disabled. 
1: The Compare 0 interrupt is enabled, and an interrupt request will be generated when the Compare x interrupt 
flag is set. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Compare 0 Interrupt Enable bit and disable the corresponding interrupt. 
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18.8.9 Interrupt Enable Clear - MODE1 


Name: INTENCLR 
Offset: 0x06 
Reset: 0x00 


Access: Read-Write 
Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 

a 
Access R/W R/W R R R R R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bit 7 - OVF: Overflow Interrupt Enable 
0: The Overflow interrupt is disabled. 
1: The Overflow interrupt is enabled, and an interrupt request will be generated when the Overflow interrupt flag is 
set. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Overflow Interrupt Enable bit and disable the corresponding interrupt. 


e Bit 6- SYNCRDY: Synchronization Ready Interrupt Enable 
0: The Synchronization Ready interrupt is disabled. 
1: The Synchronization Ready interrupt is enabled, and an interrupt request will be generated when the Synchroni- 
zation Ready interrupt flag is set. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Synchronization Ready Interrupt Enable bit and disable the corresponding 
interrupt. 


e Bits 5:2 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 1:0 - CMPx [x=1..0]: Compare x Interrupt Enable 
0: The Compare x interrupt is disabled. 
1: The Compare x interrupt is enabled, and an interrupt request will be generated when the Compare x interrupt 
flag is set. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Compare x Interrupt Enable bit and disable the corresponding interrupt. 
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18.8.10 Interrupt Enable Clear - MODE2 


Name: INTENCLR 
Offset: 0x06 
Reset: 0x00 


Access: Read-Write 
Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 

a de 
Access R/W R/W R R R R R R/W 
Reset 0 0 0 0 0 0 0 0 


e Bit 7 — OVF: Overflow Interrupt Enable 
0: The Overflow interrupt is disabled. 
1: The Overflow interrupt is enabled, and an interrupt request will be generated when the Overflow interrupt flag is 
set. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Overflow Interrupt Enable bit and disable the corresponding interrupt. 


e Bit 6- SYNCRDY: Synchronization Ready Interrupt Enable 
0: The synchronization ready interrupt is disabled. 
1: The synchronization ready interrupt is enabled, and an interrupt request will be generated when the Synchroni- 
zation Ready interrupt flag is set. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Synchronization Ready Interrupt Enable bit and disable the corresponding 
interrupt. 


e Bits 5:1 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 0- ALARM: Alarm x Interrupt Enable 
0: The Alarm 0 interrupt is disabled. 


1: The Alarm 0 interrupt is enabled, and an interrupt request will be generated when the Alarm 0 interrupt flag is 
set. 


Writing a zero to this bit has no effect. 
Writing a one to this bit disables the Alarm 0 interrupt. 
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18.8.11 Interrupt Enable Set - MODEO 


Name: INTENSET 
Offset: 0x07 
Reset: 0x00 
Access: Read-Write 
Property: - 

Bit 


7 6 5 4 3 2 1 0 
R/W R/W R R R R R R/W 


Reset 0 0 0 0 0 0 0 0 


Access 


This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes in this register 
will also be reflected in the Interrupt Enable Clear (INTENCLR) register. 


e Bit 7 — OVF: Overflow Interrupt Enable 
0: The overflow interrupt is disabled. 
1: The overflow interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Overflow Interrupt Enable bit and enable the Overflow interrupt. 


e Bit 6 - SYNCRDY: Synchronization Ready Interrupt Enable 
0: The synchronization ready interrupt is disabled. 
1: The synchronization ready interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Synchronization Ready Interrupt Enable bit and enable the Synchronization 
Ready interrupt. 


e Bits 5:1 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 0 - CMP: Compare x Interrupt Enable 
0: The compare 0 interrupt is disabled. 


1: The compare 0 interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Compare 0 Interrupt Enable bit and enable the Compare 0 interrupt. 
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18.8.12 Interrupt Enable Set - MODE1 


Name: INTENSET 
Offset: 0x07 
Reset: 0x00 


Access: Read-Write 


Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 
| oo | onc, a or | om 
Access R/W R/W R R R R R/W R/W 
Reset 0 0 0 0 0 0 0 0 
e Bit 7 — OVF: Overflow Interrupt Enable 
0: The overflow interrupt is disabled. 
1: The overflow interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Overflow interrupt bit and enable the Overflow interrupt. 
e Bit 6-SYNCRDY: Synchronization Ready Interrupt Enable 
0: The synchronization ready interrupt is disabled. 
1: The synchronization ready interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Synchronization Ready Interrupt Enable bit and enable the Synchronization 
Ready interrupt. 
e Bits 5:2 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
e Bits 1:0 - CMPx [x=1..0]: Compare x Interrupt Enable 
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0: The compare x interrupt is disabled. 
1: The compare x interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Compare x Interrupt Enable bit and enable the Compare x interrupt. 
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18.8.13 Interrupt Enable Set - MODE2 


Name: INTENSET 
Offset: 0x07 
Reset: 0x00 


Access: Read-Write 


Property: Write-Protected 


Bit 


Access 


Reset 


Atmel 


7 6 5 4 3 2 1 0 
Ce [eer TO 
R/W R/W R R R R R R/W 
0 0 0 0 0 0 0 0 


Bit 7 — OVF: Overflow Interrupt Enable 
0: The overflow interrupt is disabled. 


1: The overflow interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Overflow Interrupt Enable bit and enable the Overflow interrupt. 


Bit 6 - SYNCRDY: Synchronization Ready Interrupt Enable 
0: The synchronization ready interrupt is disabled. 


1: The synchronization ready interrupt is enabled. 
Writing a zero to this bit has no effect. 


Writing a one to this bit will set the Synchronization Ready Interrupt bit and enable the Synchronization Ready 
interrupt. 


Bits 5:1 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bit 0 - ALARM: Alarm x Interrupt Enable 
0: The alarm 0 interrupt is disabled. 


1: The alarm 0 interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Alarm 0 Interrupt Enable bit and enable the Alarm 0 interrupt. 
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18.8.14 Interrupt Flag Status and Clear - MODEO 


Name: INTFLAG 
Offset: 0x08 
Reset: 0x00 
Access: Read-Write 
Property: - 

Bit 


7 6 5 4 3 2 1 0 
R/W R/W R R R R R R/W 


Reset 0 0 0 0 0 0 0 0 


Access 


e Bit 7 - OVF: Overflow 
This flag is cleared by writing a one to the flag. 


This flag is set on the next CLK_RTC_CNT cycle after an overflow condition occurs, and an interrupt request will 
be generated if INTENCLR/SET.OVF is one. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Overflow interrupt flag. 


e Bit 6-SYNCRDY: Synchronization Ready 
This flag is cleared by writing a one to the flag. 


This flag is set on a 1-to-0 transition of the Synchronization Busy bit in the Status register (STATUS.SYNCBUSY), 
except when caused by enable or software reset, and an interrupt request will be generated if INTEN- 
CLR/SET.SYNCRDY is one. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Synchronization Ready interrupt flag. 


e Bits 5:1 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 0 - CMP: Compare x 
This flag is cleared by writing a one to the flag. 


This flag is set on the next CLK_RTC_CNT cycle after a match with the compare condition, and an interrupt 
request will be generated if INTENCLR/SET.CMP0 is one. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Compare 0 interrupt flag. 
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18.8.15 Interrupt Flag Status and Clear - MODE1 


Name: INTFLAG 
Offset: 0x08 
Reset: 0x00 


Access: Read-Write 


Property: Write-Protected, Write-Synchronized 


Bit 7 6 5 4 3 2 1 0 
| ow | onc, ee or | om 
Access R/W R/W R R R R R/W R/W 
Reset 0 0 0 0 0 0 0 0 
e Bit 7 —- OVF: Overflow 
This flag is cleared by writing a one to the flag. 
This flag is set on the next CLK_RTC_CNT cycle after an overflow condition occurs, and an interrupt request will 
be generated if INTENCLR/SET.OVF is one. 
Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Overflow interrupt flag. 
e Bit 6-SYNCRDY: Synchronization Ready 
This flag is cleared by writing a one to the flag. 
This flag is set on a 1-to-0 transition of the Synchronization Busy bit in the Status register (STATUS.SYNCBUSY), 
except when caused by enable or software reset, and an interrupt request will be generated if INTEN- 
CLR/SET.SYNCRDY is one. 
Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Synchronization Ready interrupt flag. 
e Bits 5:2 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
e Bits 1:0 - CMPx [x=1..0]: Compare x 
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This flag is cleared by writing a one to the flag. 


This flag is set on the next CLK_RTC_CNT cycle after a match with the compare condition , and an interrupt 
request will be generated if INTENCLR/SET.CMPx is one. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Compare x interrupt flag. 
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18.8.16 Interrupt Flag Status and Clear - MODE2 


Name: INTFLAG 
Offset: 0x08 
Reset: 0x00 


Access: Read-Write 


Property: Write-Protected, Write-Synchronized 


Bit 7 6 5 4 3 2 1 0 
Nd 
Access R/W R/W R R R R R R/W 
Reset 0 0 0 0 0 0 0 0 
e Bit 7 - OVF: Overflow 
This flag is cleared by writing a one to the flag. 
This flag is set on the next CLK_RTC_CNT cycle after an overflow condition occurs, and an interrupt request will 
be generated if INTENCLR/SET.OVF is one. 
Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Overflow interrupt flag. 
e Bit 6 - SYNCRDY: Synchronization Ready 
This flag is cleared by writing a one to the flag. 
This flag is set on a 1-to-0 transition of the Synchronization Busy bit in the Status register (STATUS.SYNCBUSY), 
except when caused by enable or software reset, and an interrupt request will be generated if INTEN- 
CLR/SET.SYNCRDY is one. 
Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Synchronization Ready interrupt flag. 
e Bits 5:1 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
e Bit 0 - ALARM: Alarm x 
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This flag is cleared by writing a one to the flag. 


This flag is set on the next CLK_RTC_CNT cycle after a match with ALARMO condition occurs , and an interrupt 
request will be generated if INTENCLR/SET.ALARMO is also one. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Alarm 0 interrupt flag. 
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18.8.17 Status 
Name: STATUS 
Offset: Ox0A 
Reset: 0x00 


Access: Read-Write 


Property: - 
Bit 7 6 5 4 3 2 1 0 
| ces rr 
Access R R R R R R R R 
Reset 0 


e Bit 7-—SYNCBUSY: Synchronization Busy 
This bit is cleared when the synchronization of registers between the clock domains is complete. 


This bit is set when the synchronization of registers between clock domains is started. 


e Bits 6:0 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
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18.8.18 Debug Control 


Name: DBGCTRL 
Offset: 0x0B 
Reset: 0x00 
Access: Read-Write 
Property: - 

Bit 


7 6 5 4 3 2 1 0 
R R R R R R R R/W 


Reset 0 0 0 0 0 0 0 0 


Access 


e Bits 7:1 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 0 - DBGRUN: Run During Debug 
This bit is not reset by a software reset. 


Writing a zero to this bit causes the RTC to halt during debug mode. 
Writing a one to this bit allows the RTC to continue normal operation during debug mode. 
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18.8.19 Frequency Correction 


Name: FREQCORR 
Offset: 0x0C 
Reset: 0x00 


Access: Read-Write 
Property: Write-Protected, Write-Synchronized 


Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bit 7 - SIGN: Correction Sign 
0: The correction value is positive, i.e., frequency will be increased. 


1: The correction value is negative, i.e., frequency will be decreased. 


e Bits 6:0 - VALUE[6:0]: Correction Value 
These bits define the amount of correction applied to the RTC prescaler. 


0: Correction is disabled and the RTC frequency is unchanged. 
1-127: The RTC frequency is adjusted according to the value. 
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18.8.20 Counter Value - MODE0 
Name: 
Offset: 


Reset: 


Access: 
Property: 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


COUNT 
0x10 
0x00000000 
Read-Write 
31 30 29 28 27 26 25 24 
R/W R/W R/W R/W R/W R/W R/W R/W 
0 0 0 0 0 0 0 0 
23 22 21 20 19 18 17 16 
R/W R/W R/W R/W R/W R/W R/W R/W 
0 0 0 0 0 0 0 0 
15 14 13 12 "1 10 9 8 
R/W R/W R/W R/W R/W R/W R/W R/W 
0 0 0 0 0 0 0 0 
7 6 5 4 3 2 1 0 
R/W R/W R/W R/W R/W R/W R/W R/W 
0 0 0 0 0 0 0 0 


e = Bits 31:0 - COUNT[31:0]: Counter Value 
These bits define the value of the 32-bit RTC counter. 
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18.8.21 Counter Value - MODE1 
Name: COUNT 
Offset: 0x10 
Reset: 0x0000 


Access: Read-Write 


Property: - 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e = Bits 15:0 - COUNT[15:0]: Counter Value 
These bits define the value of the 16-bit RTC counter. 
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18.8.22 Clock Value - MODE2 
Name: CLOCK 
Offset: 0x10 
Reset: 0x00000000 


Access: Read-Write 


Property: - 
Bit 31 30 29 28 27 26 25 24 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e = Bits 31:26 — YEAR[5:0]: Year 
The year offset with respect to the reference year (defined in software). 
The year is considered a leap year if YEAR[1:0] is zero. 


e = Bits 25:22 - MONTH[3:0]: Month 
1 -— January 
2 — February 


12 — December 


e Bits 21:17 — DAY[4:0]: Day 
Day starts at 1 and ends at 28, 29, 30 or 31, depending on the month and year. 


e Bits 16:12 - HOUR[4:0]: Hour 
When CTRL.CLKREP is zero, the Hour bit group is in 24-hour format, with values 0-23. When CTRL.CLKREP is 
one, HOUR[3:0] has values 1-12 and HOUR[4] represents AM (0) or PM (1). 
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Table 18-10. Hour 














HOUR[4:0] Description 
0x0-Oxf Reserved 
0x10 PM Afternoon Hour 
0x11-0x1f Reserved 
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Bits 11:6 — MINUTE[5:0]: Minute 
0-59. 


Bits 5:0 - SECOND[5:0]: Second 
0- 59. 
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18.8.23 Counter Period - MODE1 
Name: PER 
Offset: 0x14 
Reset: 0x0000 
Access: Read-Write 
Property: Write-Protected, Write-Synchronized 


Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 15:0 - PER[15:0]: Counter Period 
These bits define the value of the 16-bit RTC period. 
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18.8.24 Compare n Value - MODEO 

COMP 

0x18 

0x00000000 

Read-Write 

Write-Protected, Write-Synchronized 


Name: 
Offset: 
Reset: 
Access: 
Property: 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


31 30 29 28 27 26 25 24 
R/W R/W R/W R/W R/W R/W R/W R/W 
0 0 0 0 0 0 0 0 
23 22 21 20 19 18 17 16 
R/W R/W R/W R/W R/W R/W R/W R/W 
0 0 0 0 0 0 0 0 
15 14 13 12 11 10 9 8 
R/W R/W R/W R/W R/W R/W R/W R/W 
0 0 0 0 0 0 0 0 
7 6 5 4 3 2 1 0 
R/W R/W R/W R/W R/W R/W R/W R/W 
0 0 0 0 0 0 0 0 


e Bits 31:0 - COMP[31:0]: Compare Value 
The 32-bit value of COMPn is continuously compared with the 32-bit COUNT value. When a match occurs, the 
Compare n interrupt flag in the Interrupt Flag Status and Clear register (INTFLAG.CMPn) is set on the next counter 
cycle, and the counter value is cleared if CTRL.MATCHCLR is one. 
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18.8.25 Compare n Value - MODE1 
Name: COMPn 
Offset: 0x18+n*0x2 [n=0..1] 
Reset: 0x0000 
Access: Read-Write 
Property: Write-Protected, Write-Synchronized 


Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 15:0 - COMP[15:0]: Compare Value 
The 16-bit value of COMPn is continuously compared with the 16-bit COUNT value. When a match occurs, the 
Compare n interrupt flag in the Interrupt Flag Status and Clear register (INTFLAG.CMPn) is set on the next counter 
cycle. 
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18.8.26 Alarm n Value - MODE2 
Name: ALARM 
Offset: 0x18 
Reset: 0x00000000 


Access: Read-Write 


Property: Write-Protected, Write-Synchronized 


Bit 31 30 29 28 27 26 25 24 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


The 32-bit value of ALARMO is continuously compared with the 32-bit CLOCK value, based on the masking set by 
MASKn.SEL. When a match occurs, the Alarm 0 interrupt flag in the Interrupt Flag Status and Clear register 
(INTFLAG.ALARMnh) is set on the next counter cycle, and the counter is cleared if CTRL.MATCHCLR is one. 
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Bits 31:26 —- YEAR[5:0]: Year 
The alarm year. Years are only matched if MASKn.SEL is 6. 


Bits 25:22 - MONTH[3:0]: Month 
The alarm month. Months are matched only if MASKn.SEL is greater than 4. 


Bits 21:17 — DAY[4:0]: Day 
The alarm day. Days are matched only if MASKn.SEL is greater than 3. 


Bits 16:12 — HOUR[4:0]: Hour 
The alarm hour. Hours are matched only if MASKn.SEL is greater than 2. 


Bits 11:6 - MINUTE[5:0]: Minute 
The alarm minute. Minutes are matched only if MASKn.SEL is greater than 1. 
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e Bits 5:0 - SECOND[5:0]: Second 
The alarm second. Seconds are matched only if MASKn.SEL is greater than 0. 
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18.8.27 Alarm n Mask - MODE2 


Name: MASK 
Offset: 0x1C 
Reset: 0x00 
Access: Read-Write 
Property: - 

Bit 7 


2 1 0 


a 


Access R 
Reset 0 
e Bits 7:3 — Reserved 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 


6 5 4 3 
R R R R 


R/W R/W R/W 
0 0 0 


zero when this register is written. These bits will always return zero when read. 


Bits 2:0 — SEL[2:0]: Alarm Mask Selection 


These bits define which bit groups of Alarm n are valid. 


Table 18-11. Alarm Mask Selection 


























S) =) | Name Description 
0x0 OFF Alarm Disabled 
0x1 Ss Match seconds only 
0x2 MMSS Match seconds and minutes only 
0x3 HHMMSS Match seconds, minutes, and hours only 
0x4 DDHHMMSS Match seconds, minutes, hours, and days only 
Ox5 MMDDHHMMSS Match seconds, minutes, hours, days, and months only 
Ox6 YYMMDDHHMMSS Match seconds, minutes, hours, days, months, and years 
Ox7 Reserved 
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19. DMAC - Direct Memory Access Controller 
19.1 Overview 
The Direct Memory Access Controller (DMAC) contains both a Direct Memory Access engine and a Cyclic 
Redundancy Check (CRC) engine. The DMAC can transfer data between memories and peripherals, and thus off- 
load these tasks from the CPU. It enables high data transfer rates with minimum CPU intervention, and frees up CPU 
time. With access to all peripherals, the DMAC can handle automatic transfer of data between communication 
modules. 
For the DMA part of the DMAC, it has several DMA channels which all can receive different types of transfer triggers, 
which will result in transfer requests from the DMA channels to the arbiter. Refer to Figure 19-1. The arbiter will grant 
one DMA channel at a time to act as the active channel. When the active channel has been granted, the fetch engine 
of the DMAC will fetch a transfer descriptor from SRAM into the internal memory of the active channel, before the 
active channel starts its data transmission. A DMA channel's data transfer can be interrupted by a higher prioritized 
channel. The DMAC will write back the updated transfer descriptor from the internal memory of the active channel to 
SRAM, before the higher prioritized channel gets to start its transfer. Once a DMA channel is done with its transfer 
optionally interrupts and events can be generated. 
As one can see from Figure 19-1, the DMAC has four bus interfaces. The data transfer bus, which is used for 
performing the actual DMA transfer is an AHB master interface. The AHB/APB Bridge bus is an APB slave interface 
and is the bus used when writing and reading the I/O registers of the DMAC. The descriptor fetch bus is an AHB 
master interface and is used by the fetch engine, to fetch transfer descriptors from SRAM before a transfer can be 
started or continued. At last there is the write-back bus, which is an AHB master interface and it is used to write the 
transfer descriptor back to SRAM. 
As mentioned, the DMAC also has a CRC module available. This can be used by software to detect an accidental 
error in the transferred data and to take corrective action, such as requesting the data to be sent again or simply not 
using the incorrect data. 
19.2 Features 
e Data transfer between 
e Peripheral to peripheral 
e Peripheral to memory 
e Memory to peripheral 
e Memory to memory 
e Transfer trigger sources 
e Software 
e Events from Event System 
e Dedicated requests from peripherals 
e SRAM based transfer descriptors 
e Single transfer using one descriptor 
e Multi-buffer or circular buffer modes by linking multiple descriptors 
e 6channels 
e Enable 6 independent transfers 
e Automatic descriptor fetch for each channel 
e Suspend/resume operation support for each channel 
e Flexible arbitration scheme 
e 4configurable priority levels for each channel 
e Fixed or round-robin priority scheme within each priority level 
From 1 to 256kB data transfer in a single block transfer 
Multiple addressing modes 
e Static 
e Configurable increment scheme 
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19.3 


Optional interrupt generation 
e@ On block transfer complete 
e On error detection 
e Onchannel suspend 
4 event inputs 
e One event input for each of the 4 least significant DMA channels 
e Can be selected to trigger normal transfers, periodic transfers or conditional transfers 
e Can be selected to suspend or resume channel operation 
4 event outputs 
e One output event for each of the 4 least significant DMA channels 
e Selectable generation on AHB, burst, block or transaction transfer complete 
Error management supported by write-back function 
e Dedicated Write-Back memory section for each channel to store ongoing descriptor transfer 
CRC polynomial software selectable to 
e CRC-16 (CRC-CCITT) 
e CRC-32 (IEEE 802.3) 


Block Diagram 


Figure 19-1. DMAC Block Diagram 
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19.4 Signal Description 


Not applicable. 


19.5 Product Dependencies 


19.5.1 


In order to use this peripheral, other parts of the system must be configured correctly, as described below. 


/O Lines 
Not applicable. 
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19.5.2 


19.5.3 


19.5.4 


19.5.5 


19.5.6 


19.5.7 


19.5.8 


19.5.9 


19.6 


19.6.1 


Power Management 


The DMAC will continue to operate in any sleep mode where the selected source clock is running. The DMAC’s 
interrupts can be used to wake up the device from sleep modes. Events connected to the event system can trigger 
other operations in the system without exiting sleep modes. Refer to “PM — Power Manager’ on page 110 for details 
on the different sleep modes. On hardware or software reset, all registers are set to their reset value. 


Clocks 


The DMAC bus clock (CLK_DMAC_APB) can be enabled and disabled in the power manager, and the default state of 
CLK_DMAC_APB can be found in “Peripheral Clock Masking” on page 116. 


An AHB clock (CLK_DMAC_AHB) is required to clock the DMAC. This clock must be configured and enabled in the 
power manager before using the DMAC, and the default state of CLK_DMAC_AHB can be found in “Peripheral Clock 
Masking” on page 116. 


This bus clock (CLK_DMAC_APB) is always synchronous to the module clock (CLK_DMAC_AHB), but can be divided 
by a prescaler and may run even when the module clock is turned off. 

DMA 

Not applicable. 


Interrupts 

The interrupt request line is connected to the interrupt controller. Using the DMAC interrupts requires the interrupt 
controller to be configured first. Refer to “Nested Vector Interrupt Controller” on page 26 for details. 

Events 


The events are connected to the event system. Refer to “EVSYS — Event System” on page 405 for details on how to 
configure the Event System. 


Debug Operation 


When the CPU is halted in debug mode the DMAC will halt normal operation. The DMAC can be forced to continue 
operation during debugging. Refer to DBGCTRL for details. 


Register Access Protection 


All registers with write-access are optionally write-protected by the peripheral access controller (PAC), except the 
following registers: 


e Interrupt Pending (INTPEND) register 

e Channel ID (CHID) register 

e Channel Interrupt Flag Status and Clear (CHINTFLAG) register 
Write-protection is denoted by the Write-Protected property in the register description. 


Write-protection does not apply to accesses through an external debugger. Refer to “PAC — Peripheral Access 
Controller’ on page 30 for details. 


Analog Connections 


Not applicable. 


Functional Description 


Principle of Operation 
The DMAC consists of a DMA module and a CRC module. 
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19.6.1.1 DMA 


The DMAC can, without interaction from the CPU, transfer data between peripherals and memories. The data 
transferred by the DMAC are called transactions, and these transactions can be split into smaller data transfers. 
Figure 19-2 shows the relationship between the different transfer sizes. 


Figure 19-2. DMA Transfer Sizes 
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DMA transaction 


e Beat transfer: Defined as the size of one data transfer bus access, and the size is selected by writing the Beat 
Size bit group in the Block Transfer Control register (BT CTRL.BEATSIZE) 

e Burst transfer: Defined as n beat transfers, where n will differ from one device family to another. For this device 
family, n is 1. A burst transfer is atomic, and cannot be interrupted. 

e Block transfer: The amount of data one transfer descriptor can transfer, and the amount can range from 1 to 
64k beats. In contrast to the burst transfer, a block transfer can be interrupted. 


e Transaction: The DMAC can link several transfer descriptors by having the first descriptor pointing to the 
second and so forth, as shown in Figure 19-2. A DMA transaction is defined as all block transfers within a linked 
list, being completed. 


A transfer descriptor describes how a block transfer should be carried out by the DMAC, and it must remain in SRAM. 
For further details on the transfer descriptor refer to “Transfer Descriptors” on page 276. 


Figure 19-2 shows several block transfers linked together, which are called linked descriptors. For further information 
about linked descriptors, refer to “Linked Descriptors” on page 283. 


A DMA transfer is initiated by an incoming transfer trigger on one of the DMA channels. This trigger can be configured 
to be either a software trigger, an event trigger or one of the dedicated peripheral triggers. The transfer trigger will 
result in a DMA transfer request from the specific channel to the arbiter, and if there are several DMA channels with 
pending transfer requests, the arbiter has to choose which channel to grant access to become the active channel. The 
DMA channel granted access as the active channel will carry out the transaction as configured in the transfer 
descriptor. The DMA channel can be interrupted by a higher prioritized channel after each burst transfer, but will 
resume its block transfer when it is granted access as the active channel again. 


For each beat transfer an optional output event can be generated, and for each block transfer optional interrupts and 
an optional output event can be generated. When a transaction is completed, dependent of the configuration, the 
DMA channel will either be suspended or disabled. 


19.6.1.2 CRC 


The internal CRC supports two commonly used CRC polynomials; CRC-16 (CRC-CCITT) and CRC-32 (IEEE 802.3). 
It can be used with selectable DMA channel or independently, with I/O interface. 


19.6.2 Basic Operation 


19.6.2.1 Initialization 


The following DMAC registers are enable-protected, meaning that they can only be written when the DMAC is 
disabled (CTRL.DMAENABLE is zero): 
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e Descriptor Base Memory Address (BASEADDR) register 

e  Write-Back Memory Base Address (VWRBADDR) register 
The following DMAC bit is enable-protected, meaning that it can only be written when both the DMAC and CRC are 
disabled (CTRL.DMAENABLE and CTRL.CRCENABLE is zero): 

e Software Reset bit in Control register (CTRL.SWRST) 
The following DMA channel register is enable-protected, meaning that it can only be written when the corresponding 
DMA channel is disabled (CHCTRLA.ENABLE is zero): 

e Channel Control B (CHCTRLB) register, except the Command (CHCTRLB.CMD) and Channel Arbitration Level 

(CHCTRLB.LVL) bits 

The following DMA channel bit is enable-protected, meaning that it can only be written when the corresponding DMA 
channel is disabled: 

e Channel Software Reset bit in Channel Control A register (CHCTRLA.SWRST) 
The following CRC registers are enable-protected, meaning that they can only be written when the CRC is disabled 
(CTRL.CRCENABLE is zero): 

e CRC Control (CRCCTRL) register 

e CRC Checksum (CRCCHKSUM) register 
Enable-protection is denoted by the Enable-Protected property in the register description. 


Before the DMAC is enabled, it must be configured, as outlined by the following steps: 


e The SRAM address of where the descriptor memory section is located must be written to the Description Base 
Address (BASEADDR) register 


e The SRAM address of where the write-back section should be located must be written to the Write-Back 
Memory Base Address (VWRBADDR) register 


e Priority level x of the arbiter can be enabled by writing a one to the Priority Level x Enable bit in the Control 
register(CTRL.LVLENx) 
Before a DMA channel is enabled, the DMA channel and the corresponding first transfer descriptor must be 
configured, as outlined by the following steps: 
e DMAchannel configurations 
e The channel number of the DMA channel to configure must be written to the Channel ID (CHID) register 


e Trigger action must be selected by writing the Trigger Action bit group in the Channel Control B register 
(CHCTRLB.TRIGACT) 


e Trigger source must be selected by writing the Trigger Source bit group in the Channel Control B register 
(CHCTRLB.TRIGSRC) 


e Transfer Descriptor 


e The size of each access of the data transfer bus must be selected by writing the Beat Size bit group in 
the Block Transfer Control register (BT CTRL.BEATSIZE) 


e The transfer descriptor must be made valid by writing a one to the Valid bit in the Block Transfer Control 
register (BTCTRL.VALID) 


e Number of beats in the block transfer must be selected by writing the Block Transfer Count (BTCNT) 
register 


e Source address for the block transfer must be selected by writing the Block Transfer Source Address 
(SRCADDR) register 


e Destination address for the block transfer must be selected by writing the Block Transfer Destination 
Address (DSTADDR) register 


If CRC calculation is needed the CRC module must be configured before it is enabled, as outlined by the following 


steps: 
e CRC input source must selected by writing the CRC Input Source bit group in the CRC Control register 
(CRCCTRL.CRCSRC) 
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e Type of CRC calculation must be selected by writing the CRC Polynomial Type bit group in the CRC Control 
register (CRCCTRL.CRCPOLY) 

e If I/O is chosen as input source, the beat size must be selected by writing the CRC Beat Size bit group in the 
CRC Control register (CRCCTRL.CRCBEATSIZE) 


19.6.2.2 Enabling, Disabling and Resetting 


The DMAC is enabled by writing a one to the DMA Enable bit in the Control register (CT RL.DMAENABLE). The 
DMAC is disabled by writing a zero to CTRL.DMAENABLE. 


A DMA channel is enabled by writing a one to Enable bit in the Channel Control A register (CHCTRLA.ENABLE), after 
writing the corresponding channel id to the Channel ID bit group in the Channel ID register (CH!D.ID). ADMA channel 
is disabled by writing a zero to CHCTRLA.ENABLE. 


The CRC is enabled by writing a one to the CRC Enable bit in the Control register (CTRL.CRCENABLE). The CRC is 
disabled by writing a zero to CTRL.CRCENABLE. 


The DMAC is reset by writing a one to the Software Reset bit in the Control register (CTRL.SWRST), when the DMAC 
and CRC are disabled. All registers in the DMAC, except DBGCTRL, will be reset to their initial state. 


A DMA channel is reset by writing a one to the Software Reset bit in the Channel Control A register 
(CHCTRLA.SWRST), after writing the corresponding channel id to the Channel ID bit group in the Channel ID register 
(CHID.ID). The channel registers will be reset to their initial state. The corresponding DMA channel must be disabled 
in order for the reset to take effect. 


19.6.2.3 Transfer Descriptors 


Together with the channel configurations the transfer descriptors decides how a block transfer should be executed. 
Before a DMA channel is enabled (CHCTRLA.ENABLE is written to one), and receives a transfer trigger, its first 
transfer descriptor has to be initialized and valid (BTCTRL.VALID). The first transfer descriptor describes the first 
block transfer of a transaction. For further details on the content of a transfer descriptor, refer to “Block Transfer 
Control” on page 329. 


All transfer descriptors must reside in SRAM and the addresses stored in the Descriptor Memory Section Base 
Address (BASEADDR) and Write-Back Memory Section Base Address (VVRBADDR) registers tells the DMAC where 
to find the descriptor memory section and the write-back memory section. 


The descriptor memory section is where the DMAC expects to find the first transfer descriptors for all DMA channels. 
As BASEADDR points only to the first transfer descriptor of channel 0, refer to Figure 19-3, all first transfer descriptors 
must be stored in a contiguous memory section, where the transfer descriptors must be ordered according to their 
channel number. Figure 19-3 shows an example of linked descriptors on DMA channel 0. For further details on linked 
descriptors, refer to “Linked Descriptors” on page 283. 


The write-back memory section is the section where the DMAC stores the transfer descriptors for the ongoing block 
transfers. VVRBADDR points to the ongoing transfer descriptor of channel 0. All ongoing transfer descriptors will be 
stored in a contiguous memory section where the transfer descriptors are ordered according to their channel number. 
Figure 19-3 shows an example of linked descriptors on DMA channel 0. For further details on linked descriptors, refer 
to “Linked Descriptors” on page 283. 


Atmel | SMART SAM D11 [DATASHEET 276 
Atmel me 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





Figure 19-3. Memory Sections 
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The size of the descriptor and write-back memory sections is dependant on most significant enabled DMA channel, as 
shown below: 


Size = 128bits - (MostSignificantEnabledChannelNumber + 1) 


For memory optimization, it is recommended to always use the less significant DMA channels if not all channels are 
required. 


The descriptor and write-back memory sections can either be two separate memory sections, or they can share 
memory section (BASEADDR=WRBADDR). The benefit of having them in two separate sections, is that the same 
transaction for a channel can be repeated without having to modify the first transfer descriptor. The benefit of having 
descriptor memory and write-back memory in the same section is that it requires less SRAM. In addition, the latency 
from fetching the first descriptor of a transaction to the first burst transfer is executed, is reduced. 
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19.6.2.4 Arbitration 


If a DMA channel is enabled and not suspended when it receives a transfer trigger, it will send a transfer request to 
the arbiter. When the arbiter receives the transfer request it will include the DMA channel in the queue of channels 
having pending transfers, and the corresponding Pending Channel x bit in the Pending Channels registers 
(PENDCH.PENDCHx) will be set. Dependent of the arbitration scheme, the arbiter will choose which DMA channel 
will be the next active channel. Refer to Figure 19-4. The active channel is the DMA channel being granted access to 
perform its next burst transfer. When the arbiter has granted a DMA channel access to the DMAC, the corresponding 
PENDCH.PENDCHx will be cleared. Depending on if the upcoming burst transfer is the first for the transfer request or 
not, the corresponding Busy Channel x bit in the Busy Channels register (BUSYCH.BUSYCHx) will either be set or 
remain one. When the channel has performed its granted burst transfer(s) it will either be fed into the queue of 
channels with pending transfers, set to be waiting for a new transfer trigger, it will be suspended or it will be disabled. 
This depends on the channel and block transfer configuration. If the DMA channel is fed into the queue of channels 
with pending transfers, the corresponding BUSY CH.BUSYCHx will remain one. If the DMA channel is set to wait for a 
new transfer trigger, suspended or disabled, the corresponding BUSYCH.BUSYCHx will be cleared. 


If a DMA channel is suspended while it has a pending transfer, it will be removed from the queue of pending channels, 
but the corresponding PENDCH.PENDCHx will remain set. When the same DMA channel is resumed, it will be added 
to the queue of pending channels again. If a DMA channel gets disabled(CHCTRLA.ENABLE is zero) while it has a 
pending transfer, it will be removed from the queue of pending channels, and the corresponding PENDCH.PENDCHx 
will be cleared. 


Figure 19-4. Arbiter overview 





Arbiter 





Channel Enable eke 
Channel Pending Priority 


Channel Suspend > decoder 











Channel Priority Level 








Channel Burst Done 














Burst Done 
Active 
Channel 


Channel Enable 


Channel Suspend i | 
Channel Pending 


Channel Priority Level | 


| LEN Coe 


Transfer Request 












Channel Number 

















Channel Burst Done 


























When a channel level is pending or the channel is transferring data, the corresponding Level Executing bit is set in the 
Active Channel and Levels register (ACTIVE.LVLEXx). 


Each DMA channel supports a 4-level priority scheme. The priority level for a channel is configured by writing to the 
Channel Arbitration Level bit group in the Channel Control B register(CHCTRLB.LVL). As long as all priority levels are 
enabled, a channel with lower priority level number will have priority over a channel with higher priority level number. 
A priority level is enabled by writing the Priority Level x Enable bit in the Control register(CTRL.LVLENx) to one, for 
the corresponding level. 


Within each priority level the DMAC's arbiter can be configured to prioritize statically or dynamically. For the arbiter to 
perform static arbitration within a priority level, the Level x Round-Robin Scheduling Enable bit in the Priority Control 0 
register (PRICTRLO.RRLVLENx) has to be written to zero. When static arbitration is enabled (PRICTRLO.RRLVLENx 
is zero), the arbiter will prioritize a low channel number over a high channel number as shown in Figure 19-5. When 
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using the static scheme there is a risk of high channel numbers never being granted access as the active channel. 
This can be avoided using a dynamic arbitration scheme. 


Figure 19-5. Static priority 


























Lowest Channel Channel 0 Highest Priority 
A 
Channel x 
Channel x+1 
Highest Channel Channel N Lowest Priority 


The dynamic arbitration scheme available in the DMAC is round-robin. Round-robin arbitration is enabled by writing 
PRICTRLO.RRLVLENx to one, for a given priority level x. With the round-robin scheme, the channel number of the 
last channel being granted access will have the lowest priority the next time the arbiter has to grant access to a 
channel within the same priority level, as shown in Figure 19-6. The channel number of the last channel being granted 
access as the active channel, will be stored in the Level x Channel Priority Number bit group in the Priority Control 0 
register(PRICTRLO.LVLPRIXx), for the corresponding priority level. 


Figure 19-6. Round-robin scheduling 
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19.6.2.5 Data Transmission 


Before the DMAC can perform a data transmission, a DMA channel has to be configured and enabled, its 
corresponding transfer descriptor has to be initialized and the arbiter has to grant the DMA channel access as the 
active channel. 


Once the arbiter has granted a DMA channel access as the active channel (refer to Figure 19-1) the transfer 
descriptor for the DMA channel will be fetched from SRAM using the fetch bus, and stored in the internal memory for 
the active channel. Depending on if it is a new or ongoing block transfer, the transfer descriptor will either be fetched 
from the descriptor memory section (BASEADDR) or the write-back memory section (VV/RBADDR). By using the data 
transfer bus, the DMAC will read the data from the current source address and write it to the current destination 
address. For further details on how the current source and destination addresses are calculated, refer to “Addressing” 
on page 281. 
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The arbitration procedure is performed after each burst transfer. If the current DMA channel is granted access again, 
the block transfer counter (BT CNT) of the internal transfer descriptor will be decremented with the number of beats in 
a burst, and the active channel will perform a new burst transfer. If a different DMA channel than the current active 
channel is granted access, the BTCNT of the internal transfer descriptor will be decremented with the number of beats 
in a burst. The block transfer counter value will be written to the write-back section before the transfer descriptor of the 
newly granted DMA channel is fetched into the internal memory of the active channel. The optional output event, Beat, 
will be generated if configured and enabled. 


When a block transfer has come to its end, BTCNT has reached zero, the Valid bit in the Block Transfer Control 
register will be written to zero in the internal transfer descriptor for the active channel before the entire transfer 
descriptor is written to the write-back memory. The optional interrupts, Channel Transfer Complete and Channel 
Suspend, and the optional output event, Block, will be generated if configured and enabled. If it was the last block 
transfer in a transaction, Next Address (DESCADDR) register will hold the value 0x00000000, and the DMA channel 
will either be suspended or disabled, depending on the configuration in the Block Action bit group in the Block 
Transfer Control register(BT CTRL.BLOCKACT). If the transaction has further block transfers pending, DESCADDR 
will hold the SRAM address to the next transfer descriptor to be fetched. The DMAC will fetch the next descriptor into 
the internal memory of the active channel and write its content to the write-back section for the channel, before the 
arbiter gets to choose the next active channel. 


19.6.2.6 Transfer Triggers and Actions 


A DMA transfer can be started only when a DMA transfer request is detected. A transfer request can be triggered from 
software, from peripheral, or from an event. There are dedicated Trigger Source selections for each DMA Channel 
Control B (CHCTRLB.TRIGSRC). 


The trigger actions are available in the Trigger Action bit group in the Channel Control B register 
(CHCTRLB.TRIGACT). By default, a trigger starts a block transfer operation. If a single descriptor is defined for a 
channel, the channel is automatically disabled when a block transfer is complete. If a list of linked descriptors is 
defined for a channel, the channel is automatically disabled if the last descriptor in the list is executed or the channel 
will be waiting for the next block transfer trigger if the list still has descriptors to execute. When enabled again, the 
channel will wait for the next block transfer trigger. It is also possible to select the trigger to start beat or transaction 
transfers instead of a block transfer. 


If the trigger source generates a transfer request during an ongoing transfer, this will be kept pending 
(CHSTATUS.PEND is one), and the transfer can start when the ongoing one is done. Only one pending transfer can 
be kept, and so if the trigger source generates more transfer requests when one is already pending, these will be lost. 
All channels pending status flags are also available in the Pending Channels register (PENDCH). 


When the transfer starts, the corresponding Channel Busy status flag is set in Channel Status register 
(CHSTATUS.BUSY). When the trigger action is complete, the Channel Busy status flag is cleared. All channels busy 
status flags are also available in the Busy Channels register (BUSYCH) in DMAC. 


Figure 19-7 on page 281 shows an example where triggers are used with two linked block descriptors. 
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Figure 19-7. Trigger action and transfers 
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19.6.2.7 Addressing 
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For the DMAC to know from where to where it should transfer the data, each block transfer needs to have a source 
and destination address defined. The source address can be set by writing the Transfer Source Address (SRCADDR) 
register, and the destination address can be set by writing the Transfer Destination Address (SRCADDR) register. 


The addressing of this DMAC module can be static or incremental, for either source or destination of a block transfer, 


or both. 


Incrementation for the source address of a block transfer is enabled by writing the Source Address Incrementation 
Enable bit in the Block Transfer Control register (BTCTRL.SRCINC) to one. The step size of the incrementation is 
configurable and can be chosen by writing the Step Selection bit in the Block Transfer Control 


Atmel 
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register(BT CTRL.STEPSEL) to one, and the Address Increment Step Size bit group in the Block Transfer Control 
register (BTCTRL.STEPSIZE), to the desired step size. If BT CTRL.STEPSEL is zero, the step size for the source 
incrementation will be the size of one beat. 

When source address incrementation is configured (BT CTRL.SRCINC is one), SRCADDR must be set to the source 
address of the last beat transfer in the block transfer. The source address should be calculated as follows: 


SRCADDR = SRCADDRgrypp+ BTCNT - (BEATSIZE + 1). 2°77? S128 where BTCTRL.STEPSEL is one 


SRCADDR = SRCADDRgpypp+ BICNT - (BEATSIZE + 1) -where BTCTRL.STEPSEL is zero 


SRCADDRSTART is the source address of the first beat transfer in the block transfer 

BTCNT is the initial number of beats remaining in the block transfer 

BEATSIZE is the configured number of bytes in a beat 

STEPSIZE is the configured number of beats for each incrementation 

Figure 19-8 shows an example where DMA channel 0 is configured to increment the source address by one beat 
(BTCTRL.SRCINC is one) after each beat transfer, and DMA channel 1 is configured to increment source address by 


two beats (BTCTRL.SRCINC is one, BTCTRL.STEPSEL is one, and BTCTRL.STEPSIZE is 0x1). As the destination 
address for both channels are peripherals, destination incrementation is disabled(BTCTRL.DSTINC is zero). 


Figure 19-8. Source address increment 
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Incrementation for the destination address of a block transfer is enabled by writing the Destination Address 
Incrementation Enable bit in the Block Transfer Control register (BT CTRL.DSTINC) to one. The step size of the 
incrementation is configurable and can be chosen by writing BTCTRL.STEPSEL to zero, and BTCTRL.STEPSIZE to 
the desired step size. If BTCTRL.STEPSEL is one, the step size for the destination incrementation will be the size of 
one beat. 

When destination address incrementation is configured (BT CTRL.DSTINC is one), SRCADDR must be set to the 
destination address of the last beat transfer in the block transfer. The destination address should be calculated as 


follows: 
STEPSIZE “ 

DSTADDR = DSTADDR gpyppt+ BICNT - (BEATSIZE+1)-2 , where BTCTRL.STEPSEL is zero 
DSTADDR = DSTADDRgpjpp+ BICNT - (BEATSIZE + 1) , where BTCTRL.STEPSEL is one 

e DSTADDRSTART is the destination address of the first beat transfer in the block transfer 

e  BTCNT is the initial number of beats remaining in the block transfer 

e _BEATSIZE is the configured number of bytes in a beat 

e  STEPSIZE is the configured number of beats for each incrementation 


Figure 19-9 shows an example where DMA channel 0 is configured to increment destination address by one beat 
(BTCTRL.DSTINC is one) and DMA channel 1 is configured to increment destination address by two beats 
(BTCTRL.DSTINC is one, BTCTRL.STEPSEL is zero, and BICTRL.STEPSIZE is 0x1). As the source address for 
both channels are peripherals, source incrementation is disabled(BT CTRL.SRCINC is zero). 
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Figure 19-9. Destination address increment 
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19.6.2.8 Error Handling 


If a bus error is received from AHB slave during a DMA data transfer, the corresponding active channel is disabled 
and the corresponding Channel Transfer Error Interrupt flag in the Channel Interrupt Status and Clear register 
(CHINTFLAG.TERR) is set. If transfer error interrupt is enabled, optional error interrupt is generated. The transfer 
counter will not be decremented and its current value is written-back in the write-back memory section before the 
channel is disabled. 


When the DMAC fetches an invalid descriptor (BTCTRL.VALID is zero) or when the channel is resumed and the DMA 
fetches the next descriptor with null address (DESCADDR is 0x00000000), the corresponding channel operation is 
suspended, the Channel Suspend Interrupt Flag in the Channel Interrupt Flag Status and Clear register 
(CHINTFLAG.SUSP) is set and the Channel Fetch Error bit in the Channel Status register (CHSTATUS.FERR) is set. 
If enabled, optional suspend interrupt is generated. 


19.6.3 Additional Features 


19.6.3.1 Linked Descriptors 


A transaction can either consist of a single block transfer, or it can consist of several block transfers. When a 
transaction consist of several block transfers it is called linked descriptors. 


Figure 19-3 shows how linked descriptors work. When the first block transfer is completed on DMA channel 0, the 
DMAC fetches the next transfer descriptor which is pointed to by the value stored in the Next Descriptor Address 
(DESCADDR) register, in the first transfer descriptor. Fetching the next transfer descriptor (DESCADDR) is continued 
until the last transfer descriptor. When the block transfer for the last transfer descriptor is executed and 
DESCADDR=0x00000000, the transaction is terminated. For further details on how the next descriptor is fetched from 
SRAM, refer to “Data Transmission” on page 279. 


Adding Descriptor to the End of a List 


To add a new descriptor at the end of the descriptor list, create the descriptor in SRAM, with 
DESCADDR=0x00000000 indicating it is the new last descriptor in the list, and modify the DESCADDR value of the 
current last descriptor to the address of the newly created descriptor. 


Modifying a Descriptor in a List 


In order to add descriptors to a list, the following actions must be performed: 
1. Before enabling a channel, the Suspend interrupt must be enabled 
2. Reserve memory space addresses to configure a new descriptor 
3. Configure the new descriptor 
Set the next descriptor address (DESCADDR) 
Set the destination address (DSTADDR) 
Set the source address (SRCADDR) 
Configure the block transfer control (BTCTRL) including 
e Optionally enable the Suspend block action 
e Set the descriptor VALID bit 
4. Inthe existing list and for the descriptor which has to be updated, set the VALID bit to zero 
5. Read DESCADDR from the Write-Back memory 
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e If the DMA has not already fetched the descriptor which requires changes: 

e Update the DESCADDR location of the descriptor from the List 

e Optionally clear the Suspend block action 

e Set the descriptor VALID bit to one 

e Optionally enable the Resume software command 
e lf the DMA is executing the same descriptor as the one which requires changes: 

e Set the Channel Suspend software command and wait for the Suspend interrupt 
Update the Write-Back next descriptor address (DESCRADDR) 
Clear the interrupt sources and set the Resume software command 
Update the DESCADDR location of the descriptor from the List 
Optionally clear the Suspend block action 

e Set the descriptor VALID bit to one 

6. Go to step 3 if needed 


Adding a Descriptor Between Existing Descriptors 
To insert a descriptor C between 2 existing descriptors (A & B), the descriptor currently executed by the DMA must be 
identified. 
1. If DMA is executing descriptor B, descriptor C cannot be inserted. 
2. If DMA has not started to execute descriptor A, follow the steps: 
a. Set the descriptor A VALID bit to 0 
b. Set the DESCADDR value of descriptor A to point descriptor C instead of descriptor B 
c. Set the DESCADDR value of descriptor C to point descriptor B 
d. Set the descriptor A VALID bit to 1. 
3. If DMA is executing descriptor A, 
a. Apply the software suspend command to the channel and 
b. Perform steps 2a through 2d 


Apply the software resume command to the channel. 


19.6.3.2 Channel Suspend 


The channel operation can be suspended at anytime by software, by setting the Suspend command in Command bit 
field of Channel Control B register (CHCTRLB.CMD). When the ongoing burst transfer is completed, the channel 
operation is suspended and the suspend command is automatically cleared. 

It is also possible to suspend a channel operation after a block transfer completes. The software must set the 
Suspend Block Action in the corresponding Block Transfer Control location (BT CTRL.BLOCKACT). When the block 
transfer is completed, the channel operation is suspended. The channel is kept enabled, can receive transfer triggers, 
but it will be removed from the arbitration scheme. The channel will automatically suspend the operation if an invalid 
transfer control descriptor is fetched from system memory (BTCTRL.VALID=0). The Channel Fetch Error bit in the 
Channel Status register (CHSTATUS.FERR) is set when an invalid descriptor is fetched. Only an enabled channel 
can be suspended. If the channel is disabled when suspended, the internal suspend command is cleared. When 
suspended, the Channel Suspend Interrupt flag in the Channel Interrupt Status and Clear register 
(CHINTFLAG.SUSP) is set and optional suspend interrupt is generated. 


For more details on transfer descriptors, refer to “Transfer Descriptors” on page 276. 


19.6.3.3 Channel Resume and Next Suspend Skip 


A channel operation can be resumed by software by setting the Resume command in Command bitfield of Channel 
Control B register (CHCTRLB.CMD). If the channel is already suspended, the channel operation resumes from where 
it previously stopped when the Resume command is detected. When the Resume command is issued before the 
channel is suspended, the next suspend action is skipped and the channel continues the normal operation. 
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Figure 19-10.Channel suspend/resume operation 
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19.6.3.4 Event Input Actions 


The event input actions are available only for channels supporting event inputs. For details on channels with event 
input support, refer to Table 23-6 and Table 23-4. 


The Event Actions bits in the Channel Control B register (CHCTRLB.EVACT) specify the actions the DMA will take on 
an input event. Before using event actions, the event controller must be configured first and the corresponding 
Channel Event Input Enable bit (CHCTRLB.EVIE) must be set. The DMA supports only resynchronized events. For 
details on how to configure the resynchronized event path, refer to the Event System. 


Normal transfer: When this event action is selected for a channel, the event input is used to trigger a beat or burst 
transfer on peripherals. 


The transfer trigger is selected by setting the Trigger Source bits in Channel Control B register to zero 
(CHCTRLB.TRIGSRC). The event is acknowledged as soon as the event is received. When received, the Channel 
Pending status bit is set (CHSTATUS.PEND). If the event is received while the channel is pending, the event trigger is 
lost. Figure 19-11 shows an example where beat transfers are enabled by internal events. 


Figure 19-11.Beat event trigger action 


a 


Peripheral Trigger - 











Trigger Lost 
Event (‘ 
[_susyctin | 
Block Transfer Block Transfer 
Data Transfer BEAT BEAT BEAT | BEAT BEAT | BEAT 
































Periodic transfers: When this event action is selected for a channel, the event input is used to trigger a transfer on 
peripherals with pending transfer requests. This type of event is intended to be used with peripheral triggers for 
example, for timed communication protocols or periodic transfers between peripherals, as examples. The peripheral 
trigger is selected by the Trigger Source bits in the Channel Control B register (CHCTRLB.TRIGSRC). 


The event is acknowledged as soon as the event is received. The peripheral trigger request is stored internally when 
the previous trigger action is completed (i.e. channel is not pending) and when an active event is received. If the 
peripheral trigger is active, the DMA will wait for an event before the peripheral trigger is internally registered. When 
both event and peripheral transfer trigger are active, the Channel Pending status bit is set (CHSTATUS.PEND). A 
software trigger will now trigger a transfer. 


Figure 19-12 shows an example where the peripheral beat transfers are enabled by periodic events. 
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Figure 19-12.Periodic event with beat peripheral triggers 
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Conditional transfer: When the conditional transfer event action is selected, the event input is used to trigger a 
conditional transfer on peripherals with pending transfer requests. As example, this type of event can be used for 
peripheral to peripheral transfers, where one peripheral is source of event and the second peripheral is source of DMA 
trigger. 











The peripheral Trigger Source must be set in Channel Control B register (CHCTRLB.TRIGSRC). Each peripheral 
trigger is stored internally when the event is received. When the peripheral trigger is stored internally, the Channel 
Pending status bit is set (CHSTATUS.PEND) and the event is acknowledged. A software trigger will now trigger a 
transfer. 


Figure 19-13 shows an example where conditional event is enabled with peripheral beat trigger requests. 


Figure 19-13.Conditional event with beat peripheral triggers 
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Conditional block transfer: When the conditional block event action is selected, the event input is used to trigger a 
conditional block transfer on peripherals. The peripheral Trigger Source must be set in Channel Control B register 
(CHCTRLB.TRIGSRC). 


Before starting transfers within a block, an event must be received. When received, the event is acknowledged when 
the block transfer is completed. A software trigger will trigger a transfer. 











Figure 19-14 shows an example where conditional event block transfer is enabled with peripheral beat trigger 
requests. 
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Figure 19-14.Conditional block transfer with beat peripheral triggers 
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Channel suspend: When the channel suspend event action is selected, the event input is used to suspend an 
ongoing channel operation. The event is acknowledged when the current AHB access is completed. For further details 
on channel suspend, refer to “Channel Suspend” on page 284. 


Channel resume: When the channel resume event action is selected, the event input is used to resume a suspended 
channel operation. The event is acknowledged as soon as the event is received and the Channel Suspend Interrupt 
Flag (CHINTFLAG.SUSP) is cleared. For further details on channel suspend, refer to “Channel Suspend” on page 


284. 


Skip next block suspend: This event can be used to skip the next block suspend action. If the channel is suspended 
before the event rises, the channel operation is resumed and the event is acknowledged. If the event rises before a 
suspend block action is detected, the event is kept until the next block suspend detection. When the block transfer is 
completed, the channel continues the operation (not suspended) and the event is acknowledged. 


Atmel 


Atmel | SMART SAM D11 [DATASHEET] 287 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





19.6.3.5 Event Output Selections 


The event output selections are available only for channels supporting event outputs. The pulse width of an event 
output from a channel is one AHB clock cycle. 


The Channel Event Output Enable can be set in Control B register (CHCTRLB.EVOE). The Event Output Selection is 
available in each Descriptor Block Control location (BTCTRL.EVOSEL). It is possible to generate events after each 
beat, burst or block transfer. To enable an event when the transaction is complete, the block event selection must be 
set in the last transfer descriptor only. Figure 19-15 shows an example where the event output generation is enabled 
in the first block transfer, and disabled in the second block. 


Figure 19-15.Event output generation 
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19.6.3.6 Aborting Transfers 
Transfers on any channel can be gracefully aborted by software, by disabling the corresponding DMA channel. It is 
also possible to abort all ongoing or pending transfers, by disabling the DMAC. 
When DMAC disable request is detected: 
e Active channel with ongoing transfers will be disabled when the ongoing beat access is completed and the 
Write-Back memory section is updated. This prevents transfer corruption before the channel is disabled. 
e All other enabled channels will be disabled in the next clock cycle. 


The corresponding Channel Enable bit in the Channel Control A register (CHCTRLA.ENABLE) is read as zero when 
the channel is disabled. 























The corresponding DMAC Enable bit in the Control register (CTRL.DMAENABLE) is read as zero when the entire 
DMAC module is disabled. 


19.6.3.7 CRC Operation 


A cyclic redundancy check (CRC) is an error detection technique used to find accidental errors in data. It is commonly 
used to determine whether the data during a transmission, or data present in data and programme memories has 
been corrupted or not. A CRC takes a data stream or a block of data as input and generates a 16- or 32-bit output that 
can be appended to the data and used as a checksum. When the same data are later received or read, the device or 
application repeats the calculation. If the new CRC result does not match the one calculated earlier, the block contains 
a data error. The application will then detect this and may take a corrective action, such as requesting the data to be 
sent again or simply not using the incorrect data. 


Typically, a CRC-n applied to a data block of arbitrary length will detect any single error burst not longer than n bits 
(any single alteration that spans no more than n bits of the data), and will detect the fraction 1-2™ of all longer error 
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bursts. The CRC module in DMAC supports two commonly used CRC polynomials: CRC-16 (CRC-CCITT) and CRC- 
32 (IEEE 802.3). 
e CRC-16: 
e Polynomial: x1® + x'2 + x5+1 
e Hex value: 0x1021 
e CRC-32: 
e@ Polynomial: x37 +x26+x29 +22 +x16 +12 +17 +10 4x8 4x7 4x9 4x4 +x? +x+1 
e Hex value: 0x04C11DB7 
The data source for the CRC module must be selected in software as either the DMA channels or the APB bus 
interface. The CRC module then takes data input from the selected source and generates a checksum based on 
these data. The checksum is available in the CRC Checksum register (CRCCHKSUM). When CRC-32 polynomial is 
used, the final checksum read is bit reversed and complemented, as shown in Figure 19-16 on page 289. 
The CRC polynomial to be used is configurable, and the default setting is CRC-16. The CRC module operates on byte 
only. When the DMA is used as data source for the CRC module, the DMA channel beat size setting will be used. 
When used with APB bus interface, the application must set the CRC Beat Size bit field of CRC Control register 
(CRCCTRL.CRCBEATSIZE). 8-, 16- or 32-bit bus transfer access type is supported. The corresponding number of 
bytes will be written in the CRCDATAIN register and the CRC module will operate on the input data in a byte by byte 
manner. 


Figure 19-16.CRC generator block diagram 
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CRC on DMA data: CRC-16 or CRC-32 calculations can be performed on data passing through any DMA channel. 
Once a DMA channel is selected as the source, the CRC module will continuously generate the CRC on the data 
passing through the DMA channel. The checksum is available for readout once the DMA transaction is completed or 
aborted. A CRC can also be generated on SRAM, Flash or I/O memory by passing these data through a DMA 
channel. If the latter is done, the destination register for the DMA data can be the data input (CRCDATAIN) register in 
the CRC module. 
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CRC using the I/O interface: Before using the CRC module with the I/O interface, the application must set the CRC 
Beat Size bits in the CRC Control register (CRCCTRL.CRCBEATSIZE). 8/16/32-bit bus transfer type can be selected. 


CRC can be performed on any data by loading them into the CRC module using the CPU and writing the data to the 
CRCDATAIN register. Using this method, an arbitrary number of bytes can be written to the register by the CPU, and 
CRC is done continuously for each byte. This means if a 32-bit data is written to the CRCDATAIN register the CRC 
module takes 4 cycles to calculate the CRC. The CRC complete is signaled by the CRCBUSY bit in the CRCSTATUS 
register. New data can be written only when CRCBUSY flag is not set. 


19.6.4 DMA Operation 
Not applicable. 


19.6.5 Interrupts 


The DMAC has the following interrupt sources: 


e Transfer Complete (TCMPL): Indicates that a block transfer is completed on the corresponding channel. Refer 
to “Data Transmission” on page 279 for details. 


e Transfer Error (TERR): Indicates that a bus error has occurred during a burst transfer, or that an invalid 
descriptor has been fetched. Refer to “Error Handling” on page 283 for details. 

e Channel Suspend (SUSP): Indicates that the corresponding channel has been suspended. Refer to“Channel 
Suspend” on page 284and “Data Transmission” on page 279 for details. 


Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Channel Interrupt Flag Status 
and Clear (CHINTFLAG) register is set when the interrupt condition occurs. Each interrupt can be individually enabled 
by writing a one to the corresponding bit in the Channel Interrupt Enable Set (CHINTENSET) register, and disabled by 
writing a one to the corresponding bit in the Channel Interrupt Enable Clear (CHINTENCLR) register. An interrupt 
request is generated when the interrupt flag is set and the corresponding interrupt is enabled. The interrupt request 
remains active until the interrupt flag is cleared, the interrupt is disabled, the DMAC is reset or the corresponding DMA 
channel is reset. See CHINTFLAG for details on how to clear interrupt flags. All interrupt requests are ORed together 
on system level to generate one combined interrupt request to the NVIC. Refer to “Nested Vector Interrupt Controller” 
on page 26 for details. 


The user must read the Channel Interrupt Status (INTSTATUS) register to identify the channels with pending 
interrupts and must read the Channel Interrupt Flag Status and Clear (CHINTFLAG) register to determine which 
interrupt condition is present for the corresponding channel. It is also possible to read the Interrupt Pending register 
(INTPEND), which provides the lowest channel number with pending interrupt and the respective interrupt flags. 


Note that interrupts must be globally enabled for interrupt requests to be generated. Refer to “Nested Vector Interrupt 
Controller’ on page 26 for details. 


19.6.6 Events 


The DMAC can generate the following output events: 


e Channel (CH): Generated when a block transfer for a given channel has been completed, or when a beat 
transfer within a block transfer for a given channel has been completed. Refer to “Event Output Selections” on 
page 288 for details. 


Writing a one to the Channel Control B Event Output Enable bit (CHCTRLB.EVOE) enables the corresponding output 
event configured in the Event Output Selection bit group in the Block Transfer Control register (BTCTRL.EVOSEL). 
Writing a zero to CHCTRLB.EVOE disables the corresponding output event. Refer to “EVSYS — Event System” on 
page 405 for details on configuring the event system. 
The DMAC can take the following actions on an input event: 
e Transfer and Periodic Transfer Trigger (TRIG): normal transfer or periodic transfers on peripherals are enabled 
e Conditional Transfer Trigger (CTRIG): conditional transfers on peripherals are enabled 
e Conditional Block Transfer Trigger (CBLOCK): conditional block transfers on peripherals are enabled 
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e Channel Suspend Operation (SUSPEND): suspend a channel operation 
e Channel Resume Operation (RESUME): resume a suspended channel operation 
e Skip Next Block Suspend Action (SSKIP): skip the next block suspend transfer condition 


Writing a one to the Channel Control B Event Input Enable bit (CHCTRLB.EVIE) enables the corresponding action on 
input event. Writing a zero to this bit disables the corresponding action on input event. Note that several actions can 
be enabled for incoming events. If several events are connected to the peripheral, any enabled action will be taken for 
any of the incoming events. For further details on event input actions, refer to “Event Input Actions” on page 285. 
Refer to the Event System chapter for details on configuring the event system. 

19.6.7 Sleep Mode Operation 


In standby sleep mode, the DMAC will be internally disabled, but maintains its current configuration. 


19.6.8 Synchronization 
Not applicable. 
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19.7 Register Summary 


Table 19-1. 





DMAC Register Summary 














































































































































































































0x00 7:0 CRCENABLE DMAENABLE SWRST 
CTRL 
0x01 15:8 LVLEN3 LVLEN2 | LVLEN1 LVLENO 
0x02 7:0 CRCPOLY[1:0] | CRCBEATSIZE[1:0] 
I} CRCCTRL 
0x03 15:8 CRCSRC[5:0] 
0x04 7:0 CRCDATAIN[7:0] 
0x05 15:8 CRCDATAIN[15:8] 
|| CRCDATAIN 
0x06 23:16 CRCDATAIN[23:16] 
0x07 31:24 CRCDATAIN[31:24] 
0x08 7:0 CRCCHKSUM|[7:0] 
0x09 15:8 CRCCHKSUM[15:8] 
CRCCHKSUM 
Ox0A 23:16 CRCCHKSUM[23:16] 
0x0B 31:24 CRCCHKSUM[31:24] 
0x0C CRCSTATUS 7:0 CRCZERO CRCBUSY 
0x0D DBGCTRL 7:0 DBGRUN 
Ox0E QOSCTRL 7:0 DQOS[1:0] FQOS[1:0] WRBQOS[1:0] 
Ox0F Reserved 
0x10 7:0 SWTRIG5 SWTRIG4 SWTRIG3 SWTRIG2 SWTRIG1 SWTRIGO 
0x11 15:8 
IL SWTRIGCTRL 
0x12 23:16 
0x13 31:24 
0x14 7:0 RRLVLENO LVLPRIO[2:0] 
0x15 15:8 RRLVLEN1 LVLPRI1[2:0] 
I;  PRICTRLO 
0x16 23:16 RRLVLEN2 LVLPRI2[2:0] 
0x17 31:24 RRLVLEN3 LVLPRI3[2:0] 
0x18 
en Reserved 
Ox1F 
0x20 7:0 ID[2:0] 
INTPEND 
0x21 15:8 PEND BUSY FERR SUSP TCMPL TERR 
0x22 Reserved 
0x23 Reserved 
0x24 7:0 CHINT5 CHINT4 CHINT3 CHINT2 CHINT1 CHINTO 
0x25 15:8 
INTSTATUS 
0x26 23:16 
0x27 31:24 
0x28 7:0 BUSYCH5 BUSYCH4 BUSYCH3 BUSYCH2 BUSYCH1 BUSYCHO 
0x29 15:8 
I———— BUSYCH 
Ox2A 23:16 
0x2B 31:24 
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0x2C 7:0 PENDCH5 PENDCH4 PENDCH3 PENDCH2 PENDCH1 PENDCHO 
0x2D 15:8 
+————, PENDCH 
Ox2E 23:16 
Ox2F 31:24 
0x30 7:0 LVLEX3 LVLEX2 LVLEX1 LVLEXO 
0x31 15:8 ABUSY ID[4:0] 
——| ACTIVE 
0x32 23:16 BTCNT[7:0] 
0x33 31:24 BTCNT[15:8] 
0x34 7:0 BASEADDR[7:0] 
0x35 15:8 BASEADDR[15:8] 
I———; BASEADDR 
0x36 23:16 BASEADDR[23:16] 
0x37 31:24 BASEADDR[31:24] 
0x38 7:0 WRBADDRI7:0] 
0x39 15:8 WRBADDR[15:8] 
+; WRBADDR 
0x3A 23:16 WRBADDR[23:16] 
0x3B 31:24 WRBADDR[31:24] 
0x3C 
us Reserved 
Ox3E 
Ox3F CHID 7:0 ID[2:0] 
0x40 CHCTRLA 7:0 ENABLE SWRST 
0x41 
re Reserved 
0x43 
0x44 70 LVL[1:0] EVOE EVIE EVACT[2:0] 
0x45 15:8 TRIGSRC[4:0] 
+} CHCTRLB 
0x46 23:16 TRIGACT[1:0] 
0x47 31:24 CMD[1:0] 
0x48 
= Reserved 
0x4B 
0x4C | CHINTENCLR 7:0 SUSP TCMPL TERR 
0x4D | CHINTENSET 7:0 SUSP TCMPL TERR 
Ox4E CHINTFLAG 7:0 SUSP TCMPL TERR 
Ox4F CHSTATUS 7:0 FERR BUSY PEND 





Table 19-2. DMAC SRAM Register Summary - Descriptor/Write-Back Memory Section 

















0x00 — 7:0 BLOCKACTI[1:0] EVOSEL[1:0] VALID 
0x01 15:8 STEPSIZE[2:0] | STEPSEL DSTINC SRCINC BEATSIZE[1:0] 
0x02 | 7:0 BTCNT[7:0] 
BTCNT 
0x03 | 15:8 BTCNT[15:8] 
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0x04 7:0 SRCADDRI7:0] 

0x05 15:8 SRCADDR[15:8] 
SRCADDR 

0x06 23:16 SRCADDR[23:16] 

0x07 31:24 SRCADDRY31:24] 

0x08 7:0 DSTADDRI7:0] 

0x09 15:8 DSTADDR[15:8] 
DSTADDR 

Ox0A 23:16 DSTADDR[23:16] 

0x0B 31:24 DSTADDR[31:24] 

0x0C 7:0 DESCADDRI7:0] 

0x0D 15:8 DESCADDR[15:8] 
DESCADDR 

Ox0E 23:16 DESCADDR[23:16] 

Ox0F 31:24 DESCADDR{31:24] 
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19.8 Register Description 
Registers can be 8, 16, or 32 bits wide. Atomic 8-, 16- and 32-bit accesses are supported. In addition, the 8-bit quarters 
and 16-bit halves of a 32-bit register, and the 8-bit halves of a 16-bit register can be accessed directly. 


Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Write-protection is denoted by 
the Write-Protected property in each individual register description. Please refer to “Register Access Protection” on page 
273 for details. 


Some registers are enable-protected, meaning they can only be written when the DMAC is disabled. Enable-protection is 
denoted by the Enable-Protected property in each individual register description. 
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19.8.1 DMAC Registers 


19.8.1.1 Control 
Name: CTRL 
Offset: 0x00 
Reset: 0x0000 
Access: Read-Write 


Property: - 

Bit 15 14 13 12 11 10 9 8 
es 

Access R R R R R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 
ee 

Access R R R R R R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


e Bits 15:12 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 11:8 - LVLENx [x=3..0]: Priority Level x Enable 
0: Transfer requests for Priority level x will not be handled. 
1: Transfer requests for Priority level x will be handled. 
When this bit is set, all requests with the corresponding level will be fed into the arbiter block. When cleared, all 
requests with the corresponding level will be ignored. 
For details on arbitration schemes, refer to “Arbitration” on page 278 section. 
These bits are not enable-protected. 


e Bits 7:3 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 2—CRCENABLE: CRC Enable 
0: The CRC module is disabled. 
1: The CRC module is enabled. 
Writing a zero to this bit will disable the CRC module if the CRC Status Busy bit in the CRC Status register (CRC- 
STATUS.CRCBUSY) is zero. If the CRCSTATUS.CRCBUSY is one, the write will be ignored and the CRC module 
will not be disabled. 
Writing a one to this bit will enable the CRC module. 
This bit is not enable-protected. 


e Bit 1—- DMAENABLE: DMA Enable 
0: The peripheral is disabled. 


1: The peripheral is enabled. 
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Writing a zero to this bit during an ongoing transfer, the bit will not be cleared until the internal data transfer buffer 
is empty and the DMA transfer is aborted. The internal data transfer buffer will be empty once the ongoing burst 
transfer is completed. 


Writing a one to this bit will enable the DMA module. 
This bit is not enable-protected. 


Bit 0 - SWRST: Software Reset 

0: There is no reset operation ongoing. 

1: The reset operation is ongoing. 

Writing a zero to this bit has no effect. 

Writing a one to this bit when both the DMAC and the CRC module are disabled (DMAENABLE and CRCENABLE 
is zero), resets all registers in the DMAC, except DBGCTRL, to their initial state If either the DMAC or CRC module 
is enabled, the reset request will be ignored and the DMAC will return an access error. 
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19.8.1.2 CRC Control 


Name: CRCCTRL 
Offset: 0x02 
Reset: 0x0000 


Access: Read-Write 


Property: Write-Protected 


Bit 15 14 13 12 11 10 9 8 
a a 

Access R R R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 
es 

Access R R R R R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


e Bits 15:14 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 13:8 - CRCSRC[5:0]: CRC Input Source 
These bits select the input source for generating the CRC, as shown in Table 19-3. The selected source is locked 
until either the CRC generation is completed or the CRC module is disabled. This means the CRCSRC cannot be 
modified when the CRC operation is ongoing. The lock is signaled by the CRCBUSY status bit. CRC generation 
complete is generated and signaled from the selected source when used with the DMA channel. 


Table 19-3. CRC Input Source 














CRCSRC[5:0] Name Description 
0x0 NOACT No action 
0x1 10 I/O interface 
Ox2-0x1f Reserved 
0x20-0x3F CHN DMA channel n 
0x21-0x3f Reserved 

















e Bits 7:4 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 3:2 - CRCPOLY[1:0]: CRC Polynomial Type 
These bits select the CRC polynomial type, as shown in Table 19-4. 
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Table 19-4. CRC Polynomial Type 











(oy (e710) 4h) Description 
0x0 CRC16 CRC-16 (CRC-CCITT) 
0x1 CRC32 CRC32 (IEEE 802.3) 
0x2-0x3 Reserved 

















e Bits 1:0 - CRCBEATSIZE[1:0]: CRC Beat Size 
These bits define the size of the data transfer for each bus access when the CRC is used with I/O interface, as 
shown in Table 19-5. 


Table 19-5. CRC Beat Size 


























e750] =] WE) 74 | Name Description 
0x0 BYTE Byte bus access 
0x1 HWORD Half-word bus access 
0x2 WORD Word bus access 
0x3 Reserved 
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19.8.1.3 CRC Data Input 
Name: CRCDATAIN 
Offset: 0x04 
Reset: 0x00000000 
Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit c 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e = Bits 31:0 - CRCDATAIN[31:0]: CRC Data Input 
These bits store the data for which the CRC checksum is computed. After the CRCDATAIN register has been writ- 
ten, the number of cycles for the new CRC checksum to be ready is dependent of the configuration of the CRC 
Beat Size bit group in the CRC Control register(CRCCTRL.CRCBEATSIZE). Each byte needs one clock cycle to 
be calculated. 
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19.8.1.4 CRC Checksum 
Name: CRCCHKSUM 
Offset: 0x08 
Reset: 0x00000000 
Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit c 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


The CRCCHKSUM represents the 16- or 32-bit checksum value and the generated CRC. 


e = Bits 31:0 - CRCCHKSUM[31:0]: CRC Checksum 
These bits store the generated CRC result. The 16 MSB bits are always read zero when CRC-16 is enabled. 
These bits should only be read when CRC Module Busy bit in the CRC Status register (CRCSTATUS.BUSY) is 
zero. 
If CRC-16 is selected and CRCSTATUS.BUSY is zero (CRC generation is completed), this bit group will contain a 
valid checksum. 
If CRC-32 is selected and CRCSTATUS.BUSY is zero (CRC generation is completed), this bit group will contain a 
valid reversed checksum. Bit 31 is swapped with bit 0, bit 30 with bit 1, etc. 
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19.8.1.5 CRC Status 


Name: CRCSTATUS 
Offset: 0x0C 

Reset: 0x00 
Access: Read-Write 


Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 
a 
Access R R R R R R R R/W 
Reset 0 0 0 0 0 0 0 0 
e Bits 7:2 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
e Bit 1- CRCZERO: CRC Zero 
This bit is cleared when a new CRC source is selected. 
This bit is set when the CRC generation is complete and the CRC Checksum is zero. 
e Bit 0 - CRCBUSY: CRC Module Busy 


Atmel 


When used with an I/O interface (CRCCTRL.CRCSRC is 0x1), this bit is cleared by writing a one to it. 

When used with an I/O interface (CRCCTRL.CRCSRC is 0x1), this bit is set when the CRC Data Input (CRC- 
DATAIN) register is written. 

When used with a DMA channel (CRCCTRL.CRCSRC is 0x20 to 0x3F), this bit is cleared when the corresponding 
DMA channel is disabled. 

When used with a DMA channel (CRCCTRL.CRCSRC is 0x20 to 0x3F), this bit is set when the corresponding 
DMA channel is enabled. 

Writing a zero to this bit has no effect. 

When used with an I/O interface(CRCCTRL.CRCSRC is 0x1), writing a one to this bit will clear the CRC Module 
Busy bit. 

When used with a DMA channel, writing a one to this bit has no effect. 
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19.8.1.6 Debug Control 
Name: DBGCTRL 
Offset: 0x0D 
Reset: 0x00 
Access: Read-Write 
Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 

as ee ee eee, | 
Access R R R R R R R R/W 
Reset 0 0 0 0 


e Bits 7:1 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 


zero when this register is written. These bits will always return zero when read. 


e Bit 0 - DBGRUN: Debug Run 
This bit is not reset by a software reset. 
This bit controls the functionality when the CPU is halted by an external debugger. 
0: The DMAC is halted when the CPU is halted by an external debugger. 
1: The DMAC continues normal operation when the CPU is halted by an external debugger. 
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19.8.1.7 QOS Control 


Name: QOSCTRL 

Offset: Ox0E 

Reset: 0x15 

Access: Read-Write 

Property: - 
Bit 7 6 5 4 3 2 1 0 

es a 

Access R R R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 1 0 1 0 1 


e Bits 7:6 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 5:4 - DQOS[1:0]: Data Transfer Quality of Service 
These bits define the memory priority access during the data transfer operation, as shown in Table 19-6 on page 
304 


Table 19-6. Data Transfer Quality of Service 











pleles=) it) Name Description 
0x0 DISABLE Background (no sensitive operation) 
0x1 LOW Sensitive Bandwidth 
Ox2 MEDIUM Sensitive Latency 
0x3 HIGH Critical Latency 

















e Bits 3:2 -— FQOS[1:0]: Fetch Quality of Service 
These bits define the memory priority access during the fetch operation, as shown in Table 19-7 on page 304 


Table 19-7. Fetch Quality of Service 











eles) it) | Name Description 
0x0 DISABLE Background (no sensitive operation) 
0x1 LOW Sensitive Bandwidth 
Ox2 MEDIUM Sensitive Latency 
0x3 HIGH Critical Latency 

















e Bits 1:0 -WRBQOS[1:0]: Write-Back Quality of Service 
These bits define the memory priority access during the write-back operation, as shown in Table 19-8 on page 305 
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Table 19-8. Write-Back Quality of Service 


Name 





WRBQOS[1:0] 


Description 














0x0 DISABLE Background (no sensitive operation) 
0x1 LOW Sensitive Bandwidth 

Ox2 MEDIUM Sensitive Latency 

0x3 HIGH Critical Latency 
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19.8.1.8 Software Trigger Control 
Name: SWTRIGCTRL 
Offset: 0x10 
Reset: 0x00000000 
Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
[=] SWTRIG5 SWTRIG4 SWTRIG3 SWTRIG2 SWTRIG1 SWTRIGO 
Access R R R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:6 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 5:0 - SWTRIGx [x=5..0]: Channel x Software Trigger 
This bit is cleared when the Channel Pending bit in the Channel Status register (CHSTATUS.PEND) for the corre- 
sponding channel is set, or by writing a one to it. 
This bit is set if CHSTATUS.PEND is already one, when writing a one to this bit. 
Writing a zero to this bit will clear the bit. 
Writing a one to this bit will generate a DMA software trigger on channel x, if CHSTATUS.PEND is zero for channel 
x. 
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19.8.1.9 Priority Control 0 
Name: PRICTRLO 
Offset: 0x14 

Reset: 0x00000000 
Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
a 

Access R/W R R R R R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 23 22 21 20 19 18 17 16 
se 

Access R/W R R R R R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 15 14 13 12 11 10 9 8 
a 

Access R/W R R R R R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 
rs 

Access R/W R R R R R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


e Bit 31 — RRLVLEN3: Level 3 Round-Robin Scheduling Enable 
0: Static scheduling scheme for channels with level 3 priority. 
1: Round-robin scheduling scheme for channels with level 3 priority. 
For details on scheduling schemes, refer to “Arbitration” on page 278. 


e Bits 30:27 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 26:24 — LVLPRI3[2:0]: Level 3 Channel Priority Number 
When round-robin arbitration is enabled (PRICTRLO.RRLVLENS3 is one) for priority level 3, this register holds the 
channel number of the last DMA channel being granted access as the active channel with priority level 3. 
When static arbitration is enabled (PRICTRLO.RRLVLENS3 is zero) for priority level 3, and the value of this bit 
group is non-zero, it will affect the static priority scheme. If the value of this bit group is x, channel x will have the 
highest priority. The priority will decrease as the channel number increases from x to n, where n is the maximum 
number of channels. Channel n has higher priority than channel 0, and the priority will continue to decrease from 
channel 0 to channel (x-1). 
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This bit group is not reset when round-robin scheduling gets disabled (PRICTRLO.RRLVLENS3 written to zero). 


Bit 23 - RRLVLEN2: Level 2 Round-Robin Scheduling Enable 

0: Static scheduling scheme for channels with level 2 priority. 

1: Round-robin scheduling scheme for channels with level 2 priority. 
For details on scheduling schemes, refer to “Arbitration” on page 278. 


Bits 22:19 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bits 18:16 — LVLPRI2[2:0]: Level 2 Channel Priority Number 

When round-robin arbitration is enabled (PRICTRLO.RRLVLEN2Z is one) for priority level 2, this register holds the 
channel number of the last DMA channel being granted access as the active channel with priority level 2. 

When static arbitration is enabled (PRICTRLO.RRLVLEN2 is zero) for priority level 2, and the value of this bit 
group is non-zero, it will affect the static priority scheme. If the value of this bit group is x, channel x will have the 
highest priority. The priority will decrease as the channel number increases from x to n, where n is the maximum 
number of channels. Channel n has higher priority than channel 0, and the priority will continue to decrease from 
channel 0 to channel (x-1). 

This bit group is not reset when round-robin scheduling gets disabled (PRICTRLO.RRLVLEN2 written to zero). 


Bit 15 - RRLVLEN1: Level 1 Round-Robin Scheduling Enable 

0: Static scheduling scheme for channels with level 1 priority. 

1: Round-robin scheduling scheme for channels with level 1 priority. 
For details on scheduling schemes, refer to “Arbitration” on page 278. 


Bits 14:11 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bits 10:8 - LVLPRI1[2:0]: Level 1 Channel Priority Number 

When round-robin arbitration is enabled (PRICTRLO.RRLVLEN‘1 is one) for priority level 1, this register holds the 
channel number of the last DMA channel being granted access as the active channel with priority level 1. 

When static arbitration is enabled (PRICTRLO.RRLVLEN1 is zero) for priority level 1, and the value of this bit 
group is non-zero, it will affect the static priority scheme. If the value of this bit group is x, channel x will have the 
highest priority. The priority will decrease as the channel number increases from x to n, where n is the maximum 
number of channels. Channel n has higher priority than channel 0, and the priority will continue to decrease from 
channel 0 to channel (x-1). 

This bit group is not reset when round-robin scheduling gets disabled (PRICTRLO.RRLVLEN1 written to zero). 


Bit 7 - RRLVLENO: Level 0 Round-Robin Scheduling Enable 

0: Static scheduling scheme for channels with level 0 priority. 

1: Round-robin scheduling scheme for channels with level 0 priority. 
For details on scheduling schemes, refer to “Arbitration” on page 278. 


Bits 6:3 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bits 2:0 - LVLPRIO[2:0]: Level 0 Channel Priority Number 

When round-robin arbitration is enabled (PRICTRLO.RRLVLENDO is one) for priority level 0, this register holds the 
channel number of the last DMA channel being granted access as the active channel with priority level 0. 

When static arbitration is enabled (PRICTRLO.RRLVLENO is zero) for priority level 0, and the value of this bit 
group is non-zero, it will affect the static priority scheme. If the value of this bit group is x, channel x will have the 
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highest priority. The priority will decrease as the channel number increases from x to n, where n is the maximum 
number of channels. Channel n has higher priority than channel 0, and the priority will continue to decrease from 
channel 0 to channel (x-1). 

This bit group is not reset when round-robin scheduling gets disabled (PRICTRLO.RRLVLENO written to zero). 
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19.8.1.10 Interrupt Pending 
Name: INTPEND 
Offset: 0x20 
Reset: 0x0000 
Access: Read-Write 


Property: - 

Bit 15 14 13 12 11 10 9 8 
ee 

Access R R R R R R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 
ae ———— 

Access R R R R R R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


This register allows the user to identify the lowest DMA channel with pending interrupt. 


e Bit 15- PEND: Pending 
This bit is read one when the channel selected by Channel ID field (ID) is pending. 


e Bit 14- BUSY: Busy 
This bit is read one when the channel selected by Channel ID field (ID) is busy. 


e Bit 13 - FERR: Fetch Error 
This bit is read one when the channel selected by Channel ID field (ID) fetched an invalid descriptor. 


e Bits 12:11 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 10 -SUSP: Channel Suspend 
This bit is read one when the channel selected by Channel ID field (ID) has pending Suspend interrupt. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Channel ID (ID) Suspend interrupt flag. 


e Bit 9-TCMPL: Transfer Complete 
This bit is read one when the channel selected by Channel ID field (ID) has pending Transfer Complete interrupt. 


Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Channel ID (ID) Transfer Complete interrupt flag. 


e Bit 8- TERR: Transfer Error 
This bit is read one when the channel selected by Channel ID field (ID) has pending Transfer Error interrupt. 


Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Channel ID (ID) Transfer Error interrupt flag. 


e Bits 7:3 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
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e = Bits 2:0 — ID[2:0]: Channel ID 
These bits store the lowest channel number with pending interrupts. The number is valid if Suspend (SUSP), 
Transfer Complete (TCMPL) or Transfer Error (TERR) bits are set. The Channel ID field is refreshed when a new 
channel (with channel number less than the current one) with pending interrupts is detected, or when the applica- 
tion clears the corresponding channel interrupt sources. When no pending channels interrupts are available, these 
bits will always return zero value when read. 
When the bits are written, indirect access to the corresponding Channel Interrupt Flag register is enabled. 
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19.8.1.11 Interrupt Status 
Name: INTSTATUS 
Offset: 0x24 

Reset: 0x00000000 
Access: Read-Only 


Property: - 

Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 

Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 

Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 

eee eee CHINT5 CHINT4 CHINT3 CHINT2 CHINT1 CHINTO 

Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:6 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 5:0 —- CHINTx [x=5..0]: Channel x Pending Interrupt 
This bit is set when Channel x has pending interrupt. 
This bit is cleared when the corresponding Channel x interrupts are disabled or the interrupts sources are cleared. 
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19.8.1.12 Busy Channels 
Name: BUSYCH 
Offset: 0x28 
Reset: 0x00000000 
Access: Read-Only 


Property: - 

Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 

Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 

Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 

[- BUSYCH5 BUSYCH4 BUSYCH3 BUSYCH2 BUSYCH1 BUSYCHO 

Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:6 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 5:0 - BUSYCHx [x=5..0]: Busy Channel x 
This bit is cleared when the channel trigger action for DMA channel x is complete, when a bus error for DMA chan- 
nel x is detected, or when DMA channel x is disabled. 


This bit is set when DMA channel x starts a DMA transfer. 
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19.8.1.13 Pending Channels 
Name: PENDCH 
Offset: 0x2C 
Reset: 0x00000000 
Access: Read-Only 


Property:  - 
Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
[=] PENDCH5 PENDCH4 PENDCH3 PENDCH2 PENDCH1 PENDCHO 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:6 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 5:0 - PENDCHx [x=5..0]: Pending Channel x 
This bit is cleared when trigger execution defined by channel trigger action settings for DMA channel x is started, 
when a bus error for DMA channel x is detected or when DMA channel x is disabled. For details on trigger action 
settings, refer to Table 19-10. 


This bit is set when a transfer is pending on DMA channel x. 
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19.8.1.14 Active Channel and Levels 


Name: 
Offset: 
Reset: 
Access: 


Property: 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


ACTIVE 
0x30 
0x00000000 
Read-Only 


31 30 29 28 27 26 25 24 
BTCNT[15:8] 
R R R R R R R R 


23 22 21 20 19 18 17 16 
BTCNT[7:0] 
R R R R R R R R 


1 1 


15 12 11 10 9 8 
R R R R R R 


4 3 
R R 


re 6 5 4 3 2 1 0 
R R R R R R R R 


0 


e = Bits 31:16 - BTCNT[15:0]: Active Channel Block Transfer Count 
These bits hold the 16-bit block transfer count of the ongoing transfer. This value is stored in the active channel 
and written back in the corresponding Write-Back channel memory location when the arbiter grants a new channel 
access. The value is valid only when the active channel active busy flag (ABUSY) is set. 


e. Bit 


15 — ABUSY: Active Channel Busy 


This bit is cleared when the active transfer count is written back in the Write-Back memory section. 
This flag is set when the next descriptor transfer count is read from the Write-Back memory section. 


e Bits 14:13 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e- Bits 12:8 — ID[4:0]: Active Channel ID 
These bits hold the channel index currently stored in the active channel registers. The value is updated each time 


the 


Atmel 


arbiter grants a new channel transfer access request. 


Atmel | SMART SAM D11 [DATASHEET] 315 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





e Bits 7:4 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 3:0 —- LVLEXx [x=3..0]: Level x Channel Trigger Request Executing 
This bit is set when a level-x channel trigger request is executing or pending. 
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19.8.1.15 Descriptor Memory Section Base Address 
Name: BASEADDR 
Offset: 0x34 
Reset: 0x00000000 
Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit c 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:0 - BASEADDR[31:0]: Descriptor Memory Base Address 
These bits store the Descriptor memory section base address. The value must be 128-bit aligned. 
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19.8.1.16 Write-Back Memory Section Base Address 
Name: WRBADDR 
Offset: 0x38 
Reset: 0x00000000 
Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit c 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:0 - WRBADDR[31:0]: Write-Back Memory Base Address 
These bits store the Write-Back memory base address. The value must be 128-bit aligned. 
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19.8.1.17 Channel ID 


Name: CHID 

Offset: Ox3F 

Reset: 0x00 

Access: Read-Write 

Property: - 
Bit 7 6 5 4 3 2 1 0 

a —————— 

Access R R R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 7:3 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 2:0 — ID[2:0]: Channel ID 
These bits define the channel number that will be accessed. Before reading or writing a channel register, the chan- 
nel ID bit group must be written first. 
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19.8.1.18 Channel Control A 


Name: CHCTRLA 
Offset: 0x40 
Reset: 0x00 


Access: Read-Write 


Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 
a A 

Access R R R R R R R/W R/W 

Reset 0 0 0 0 0 0 0 0 

e Bits 7:2 —- Reserved 


Atmel 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bit 1 - ENABLE: Channel Enable 

0: DMA channel is disabled. 

1: DMA channel is enabled. 

Writing a zero to this bit during an ongoing transfer, the bit will not be cleared until the internal data transfer buffer 
is empty and the DMA transfer is aborted. The internal data transfer buffer will be empty once the ongoing burst 
transfer is completed. 

Writing a one to this bit will enable the DMA channel. 

This bit is not enable-protected. 


Bit 0 - SWRST: Channel Software Reset 

0: There is no reset operation ongoing. 

1: The reset operation is ongoing. 

Writing a zero to this bit has no effect. 

Writing a one to this bit resets the channel registers to their initial state. The bit can be set when the channel is dis- 
abled (ENABLE = 0). Writing a one to this bit will be ignored as long as the channel is enabled (ENABLE = 1). This 
bit is automatically cleared when the reset is completed. 

Writing a one to this bit when the corresponding DMA channel is disabled (ENABLE is zero), resets all registers for 
the corresponding DMA channel to their initial state If the corresponding DMA channel is enabled, the reset 
request will be ignored. 
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19.8.1.19 Channel Control B 
Name: CHCTRLB 
Offset: 0x44 
Reset: 0x00000000 
Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
eee 

Access R R R R R R R/W R/W 

Reset 0 0 0 0 0 0 

Bit 23 22 21 20 19 18 17 16 
resect rrr 

Access R/W R/W R R R R R R 

Reset 0 0 0 0 0 0 

Bit 15 14 13 12 11 10 9 8 
a 

Access R R R R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 
a 

Access R R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


e Bits 31:26 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 25:24 - CMD[1:0]: Software Command 


These bits define the software commands, as shown in Table 19-9. 
These bits are not enable-protected. 


Table 19-9. Software Command 











CMD[1:0] Name Description 
0x0 NOACT No action 
Ox1 SUSPEND Channel suspend operation 
Ox2 RESUME Channel resume operation 
0x3 Reserved 
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Table 19-10. Trigger Action 


Bits 23:22 — TRIGACT[1:0]: Trigger Action 
These bits define the trigger action used for a transfer, as shown in Table 19-10. 














TRIGACT[1:0] Name Description 
0x0 BLOCK One trigger required for each block transfer 
0x1 Reserved 
Ox2 BEAT One trigger required for each beat transfer 
0x3 TRANSACTION One trigger required for each transaction 














Table 19-11. Peripheral trigger source 


Bits 21:13 — Reserved 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bits 12:8 — TRIGSRC[4:0]: Peripheral Trigger Source 


These bits define the peripheral trigger which is source of the transfer. For details on trigger selection and trigger 
modes, refer to “Transfer Triggers and Actions” on page 280 and Table 19-10. 





















































Value Name Description 

0x00 DISABLE Only software/event triggers 
0x01 SERCOMO RX SERCOMO RX Trigger 

0x02 SERCOMO TX SERCOMO TX Trigger 

0x03 SERCOM1 RX SERCOM1 RX Trigger 

0x04 SERCOM1 TX SERCOM1 TX Trigger 

0x05 SERCOM2 RX SERCOM2 RX Trigger 

0x06 SERCOM2 TX SERCOM2 TX Trigger 

0x07 TCCO OVF _ TCCO Overflow Trigger 

0x08 TCCO MCO TCCO Match/Compare 0 Trigger 
0x09 TCCO MC1 TCCO Match/Compare 1 Trigger 
Ox0A TCCO MC2 TCCO Match/Compare 2 Trigger 
0x0B TCCO MC3 TCCO Match/Compare 3 Trigger 
0x0C TC1 OVF TC1 Overflow Trigger 

0Ox0D TC1 MCO TC1 Match/Compare 0 Trigger 
Ox0E TC1 MC1 TC1 Match/Compare 1 Trigger 
Ox0F TC2 OVF TC2 Overflow Trigger 

0x10 TC2 MCO TC2 Match/Compare 0 Trigger 
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0x11 TC2 MC1 TC2 Match/Compare 1 Trigger 
0x12 ADC RESRDY | ADC Result Ready Trigger 
0x13 DAC EMPTY | DAC Empty Trigger 








Bit 7 —- Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bits 6:5 — LVL[1:0]: Channel Arbitration Level 

These bits define the arbitration level used for the DMA channel. The available levels are shown in Table 19-12, 
where a high level has priority over a low level. For further details on arbitration schemes, refer to “Arbitration” on 
page 278. 


These bits are not enable-protected. 


Table 19-12. Channel Arbitration Level 

















LVL[1:0] Name Description 
0x0 LVLO Channel Priority Level 0 
0x1 LVL1 Channel Priority Level 1 
0x2 LVL2 Channel Priority Level 2 
0x3 LVL3 Channel Priority Level 3 
0x4-0x7 Reserved 














Bit 4 —- EVOE: Channel Event Output Enable 
This bit indicates if the Channel event generation is enabled. The event will be generated for every condition 
defined in the descriptor Event Output Selection (BTCTRL.EVOSEL). 


0: Channel event generation is disabled. 
1: Channel event generation is enabled. 
This bit is available only on channels with event output support. Refer to Table 23-6 and Table 23-4 for details. 


Bit 3 — EVIE: Channel Event Input Enable 

0: Channel event action will not be executed on any incoming event. 

1: Channel event action will be executed on any incoming event. 

This bit is available only on channels with event input support. Refer to Table 23-6 and Table 23-4 for details. 


Bits 2:0 - EVACT[2:0]: Event Input Action 

These bits define the event input action, as shown in Table 19-13. The action is executed only if the corresponding 
EVIE bit in CHCTRLB register of the channel is set. For details on event actions, refer to “Event Input Actions” on 
page 285. 


These bits are available only for channels with event input support. Refer to Table 23-6 and Table 23-4 for details. 
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Table 19-13. Event Input Action 



































EVACT[2:0] Name Description 
0x0 NOACT No action 
0x1 TRIG Transfer and periodic transfer trigger 
0x2 CTRIG Conditional transfer trigger 
0x3 CBLOCK Conditional block transfer 
0x4 SUSPEND Channel suspend operation 
0x5 RESUME Channel resume operation 
Ox6 SSKIP Skip next block suspend action 
Ox7 Reserved 
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19.8.1.20 Channel Interrupt Enable Clear 


Name: CHINTENCLR 
Offset: 0x4C 
Reset: 0x00 


Access: Read-Write 


Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 

a a 
Access R R R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes in this register 
will also be reflected in the Channel Interrupt Enable Set (CHINTENSET) register. 


e Bits 7:3 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 2-—SUSP: Channel Suspend Interrupt Enable 
0: The Channel Suspend interrupt is disabled. 


1: The Channel Suspend interrupt is enabled. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the Channel Suspend Interrupt Enable bit, which disables the Channel Suspend 
interrupt. 


e Bit 1—TCMPL: Transfer Complete Interrupt Enable 
0: The Channel Transfer Complete interrupt is disabled. When block action is set to none, the TCMPL flag will not 
be set when a block transfer is completed. 


1: The Channel Transfer Complete interrupt is enabled. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the Channel Transfer Complete Interrupt Enable bit, which disables the Channel 
Transfer Complete interrupt. 


e Bit 0- TERR: Transfer Error Interrupt Enable 
0: The Channel Transfer Error interrupt is disabled. 


1: The Channel Transfer Error interrupt is enabled. 
Writing a zero to this bit has no effect. 


Writing a one to this bit will clear the Channel Transfer Error Interrupt Enable bit, which disables the Channel 
Transfer Error interrupt. 
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19.8.1.21 Channel Interrupt Enable Set 


Name: CHINTENSET 
Offset: 0x4D 
Reset: 0x00 


Access: Read-Write 


Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 

a 
Access R R R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes in this register 
will also be reflected in the Channel Interrupt Enable Clear (CHINTENCLR) register. 


e Bits 7:3 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 2-—SUSP: Channel Suspend Interrupt Enable 
0: The Channel Suspend interrupt is disabled. 


1: The Channel Suspend interrupt is enabled. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will set the Channel Suspend Interrupt Enable bit, which enables the Channel Suspend 
interrupt. 


e Bit 1—TCMPL: Transfer Complete Interrupt Enable 
0: The Channel Transfer Complete interrupt is disabled. 
1: The Channel Transfer Complete interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Channel Transfer Complete Interrupt Enable bit, which enables the Channel 
Transfer Complete interrupt. 


e Bit 0- TERR: Transfer Error Interrupt Enable 
0: The Channel Transfer Error interrupt is disabled. 


1: The Channel Transfer Error interrupt is enabled. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will set the Channel Transfer Error Interrupt Enable bit, which enables the Channel Trans- 
fer Error interrupt. 
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19.8.1.22 Channel Interrupt Flag Status and Clear 


Name: CHINTFLAG 

Offset: Ox4E 

Reset: 0x00 

Access: Read-Write 

Property: - 
Bit 7 6 5 4 3 2 1 0 

a ee = |e | ee | 

Access R R R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 7:3 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 2-—SUSP: Channel Suspend 
This flag is cleared by writing a one to it. 
This bit is set when a block transfer with suspend block action is completed, when a software suspend command is 
executed, when a suspend event is received or when an invalid descriptor is fetched by the DMA. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Channel Suspend interrupt flag for the corresponding channel. 
For details on available software commands, refer to Table 19-9. 
For details on available event input actions, refer to Table 19-13. 
For details on available block actions, refer to Table 19-17. 


e Bit 1-—TCMPL: Transfer Complete 
This flag is cleared by writing a one to it. 


This flag is set when a block transfer is completed and the corresponding interrupt block action is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Transfer Complete interrupt flag for the corresponding channel. 


e Bit 0 - TERR: Transfer Error 
This flag is cleared by writing a one to it. 
This flag is set when a bus error is detected during a beat transfer or when the DMAC fetches an invalid descriptor. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Transfer Error interrupt flag for the corresponding channel. 
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19.8.1.23 Channel Status 


Name: CHSTATUS 

Offset: Ox4F 

Reset: 0x00 

Access: Read-Only 

Property: - 
Bit 7 6 5 4 3 2 1 0 

a ee = | | | 

Access R R R R R R R R 
Reset 0 


e Bits 7:3 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 2—FERR: Fetch Error 
This bit is cleared when the software resume command is executed. 


This bit is set when an invalid descriptor is fetched. 


e Bit 1- BUSY: Channel Busy 
This bit is cleared when the channel trigger action is complete, when a bus error is detected or when the channel is 
disabled. 


This bit is set when the DMA channel starts a DMA transfer. 


e Bit 0 - PEND: Channel Pending 
This bit is cleared when trigger execution defined by channel trigger action settings is started, when a bus error is 
detected or when the channel is disabled. For details on trigger action settings, refer to Table 19-10. 


This bit is set when a transfer is pending on the DMA channel. 
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19.8.2 DMAC SRAM Registers 


19.8.2.1 Block Transfer Control 
Name: BTCTRL 
Offset: 0x00 


Bit 15 14 13 12 11 10 9 8 
STEPSIZE[2:0] STEPSEL DSTINC SRCINC BEATSIZE[1:0] 


6 5 4 3 2 1 


[  ] BLOCKACT/[1:0] EVOSEL[1:0] VALID 


The BTCTRL register offset is relative to (BASEADDR or WRBADDR) + Channel Number * 0x10 


Bit 


| 
|. 


e Bits 15:13 - STEPSIZE[2:0]: Address Increment Step Size 
These bits select the address increment step size, as shown in Table 19-14. The setting apply to source or desti- 
nation address, depending on STEPSEL setting. 


Table 19-14. Address Increment Step Size 


























STEPSIZE[2:0] Name Description 

0x0 x1 Next ADDR <- ADDR + BEATSIZE * 1 
0x1 X2 Next ADDR <- ADDR + BEATSIZE * 2 
0x2 x4 Next ADDR <- ADDR + BEATSIZE * 4 
0x3 x8 Next ADDR <- ADDR + BEATSIZE * 8 
0x4 X16 Next ADDR <- ADDR + BEATSIZE * 16 
0x5 X32 Next ADDR <- ADDR + BEATSIZE * 32 

= Ox6 ; ‘x64 a Next ADDR <- ADDR + BEATSIZE * 64 
0x7 X128 Next ADDR <- ADDR + BEATSIZE * 128 

















e Bit 12 -STEPSEL: Step Selection 
This bit selects if source or destination addresses are using the step size settings, according to Table 19-15. 


Table 19-15. Step Selection 








STEPSEL Description 
0x0 | DST | Step size settings apply to the destination address 
Ox1 | SRC | Step size settings apply to the source address 





e Bit 11 - DSTINC: Destination Address Increment Enable 
0: The Destination Address Increment is disabled. 
1: The Destination Address Increment is enabled. 
Writing a zero to this bit will disable the destination address incrementation. The address will be kept fixed during 
the data transfer. 
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Writing a one to this bit will enable the destination address incrementation. By default, the destination address is 
incremented by 1. If the STEPSEL bit is cleared, flexible step-size settings are available in the STEPSIZE register, 
as shown in Table 19-14. 


e Bit 10 -SRCINC: Source Address Increment Enable 
0: The Source Address Increment is disabled. 
1: The Source Address Increment is enabled. 
Writing a zero to this bit will disable the source address incrementation. The address will be kept fixed during the 
data transfer. 
Writing a one to this bit will enable the source address incrementation. By default, the source address is incre- 
mented by 1. If the STEPSEL bit is set, flexible step-size settings are available in the STEPSIZE register, as 
shown in Table 19-14. 


e Bits 9:8 - BEATSIZE[1:0]: Beat Size 
These bits define the size of one beat, as shown in Table 19-16. A beat is the size of one data transfer bus access, 
and the setting apply to both read and write accesses. 


Table 19-16. Beat Size 











5) NS) 74 Name DY =X-oq ale) (ey) 
0x0 BYTE 8-bit access 
0x1 HWORD 16-bit access 
0x2 WORD 32-bit access 
0x3 Reserved 

















e Bits 7:5 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 4:3 - BLOCKACT[1:0]: Block Action 
These bits define what actions the DMAC should take after a block transfer has completed. The available actions 
are listed in Table 19-17. 


Table 19-17. Block Action 











BLOCKACT[1:0] Name Description 
0x0 NOACT No action 
Ox1 INT Channel in normal operation and block interrupt 
Ox2 SUSPEND Channel suspend operation is completed 
0x3 BOTH Both channel suspend operation and block interrupt 

















e = Bits 2:1 - EVOSEL[1:0]: Event Output Selection 
These bits define the event output selection, as shown in Table 19-18. 
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Table 19-18. Event Output Selection 














EVOSEL[1:0] Name Description 
0x0 DISABLE Event generation disabled 
Ox1 BLOCK Event strobe when block transfer complete 
0x2 Reserved 
0x3 BEAT Event strobe when beat transfer complete 

















e Bit 0 - VALID: Descriptor Valid 


0: The descriptor is not valid. 
1: The descriptor is valid. 


Writing a zero to this bit in the Descriptor or Write-Back memory will suspend the DMA channel operation when 
fetching the corresponding descriptor. 
The bit is automatically cleared in the Write-Back memory section when channel is aborted, when an error is 
detected during the block transfer, or when the block transfer is completed. 
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19.8.2.2 Block Transfer Count 
Name: BTCNT 
Offset: 0x02 


Bit 15 14 13 12 11 10 9 8 
BTCNT[15:8] 
Bit 3 6 5 4 3 2 1 0 
BTCNT[7:0] 


The BTCNT register offset is relative to (BASEADDR or WRBADDR) + Channel Number * 0x10 


e Bits 15:0 - BTCNT[15:0]: Block Transfer Count 
This bit group holds the 16-bit block transfer count. 
During a transfer, the internal counter value is decremented by one after each beat transfer. The internal counter is 
written to the corresponding write-back memory section for the DMA channel when the DMA channel loses priority, 
is suspended or gets disabled. The DMA channel can be disabled by a complete transfer, a transfer error or by 


software. 
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19.8.2.3 Transfer Source Address 
Name: SRCADDR 
Offset: 0x04 


Bit 31 30 29 28 27 26 25 24 


SRCADDRY[31:24] 


Bit 23 22 21 20 19 18 17 16 


SRCADDR[23:16] 


Bit 


SRCADDR[15:8] 


Bit 


SRCADDRI7:0] 


N = 
o 2 
o a 
5 . 
wo =r 
S 2 
a o 
° 0 


The SRCADDR register offset is relative to (BASEADDR or WRBADDR) + Channel Number * 0x10 


e Bits 31:0 - SRCADDR[31:0]: Transfer Source Address 
This bit group holds the source address corresponding to the last beat transfer address in the block transfer. 
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19.8.2.4 Transfer Destination Address 
Name: DSTADDR 
Offset: 0x08 


Bit 31 30 29 28 27 26 25 24 


DSTADDR[31:24] 


Bit 23 22 21 20 19 18 17 16 


DSTADDR[23:16] 


Bit 


DSTADDR[15:8] 


Bit 


DSTADDRI7:0] 


N = 
o 2 
a a 
5 . 
wo = 
S a 
o 
° 0 


The DSTADDR register offset is relative to (BASEADDR or WRBADDR) + Channel Number * 0x10 


e Bits 31:0 - DSTADDR[31:0]: Transfer Destination Address 
This bit group holds the destination address corresponding to the last beat transfer address in the block transfer. 
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19.8.2.5 Next Descriptor Address 
Name: DESCADDR 
Offset: 0x0C 


Bit 31 30 29 28 27 26 25 24 


DESCADDR[31:24] 


Bit 23 22 21 20 19 18 17 16 


DESCADDR[23:16] 


Bit 


DESCADDR/15:8] 


Bit 


DESCADDRI7:0] 


N = 
° 2 
a a 
5 . 
w =r 
S 2 
= o 
° 0 


The DESCADDR register offset is relative to (BASEADDR or WRBADDR) + Channel Number * 0x10 


e Bits 31:0 - DESCADDR[31:0]: Next Descriptor Address 
This bit group holds the SRAM address of the next descriptor. The value must be 128-bit aligned. If the value of 
this SRAM register is 0Ox00000000, the transaction will be terminated when the DMAC tries to load the next trans- 
fer descriptor. 
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20. EIC — External Interrupt Controller 


20.1 Overview 


The External Interrupt Controller (EIC) allows external pins to be configured as interrupt lines. Each interrupt line can 
be individually masked and can generate an interrupt on rising, falling or both edges, or on high or low levels. Each 
external pin has a configurable filter to remove spikes. Each external pin can also be configured to be asynchronous 
in order to wake up the device from sleep modes where all clocks have been disabled. External pins can also 
generate an event. 


A separate non-maskable interrupt (NMI) is also supported. It has properties similar to the other external interrupts, 
but is connected to the NMI request of the CPU, enabling it to interrupt any other interrupt mode. 


20.2 Features 


e 8 external pins, plus one non-maskable pin 

Dedicated interrupt line for each pin 

Individually maskable interrupt lines 

Interrupt on rising, falling or both edges 

Interrupt on high or low levels 

Asynchronous interrupts for sleep modes without clock 
Filtering of external pins 

Event generation 


Configurable wake-up for sleep modes 


20.3. Block Diagram 


Figure 20-1. EIC Block Diagram 
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—»| Event > 
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NMI Interrupt _——» 
Edge/Level 
Detection : F 
inwake_nmi 
b> 
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Signal Description 


Signal Name Description 





EXTINT[7..0] Digital Input | External interrupt pin 





NMI | Digital Input | Non-maskable interrupt pin 





Refer to “I/O Multiplexing and Considerations” on page 13 for details on the pin mapping for this peripheral. One 
signal can be mapped on several pins. 


20.5 Product Dependencies 
In order to use this EIC, other parts of the system must be configured correctly, as described below. 

20.5.1 I/O Lines 
Using the EIC’s I/O lines requires the I/O pins to be configured. Refer to “PORT” on page 378 for details. 

20.5.2 Power Management 
All interrupts are available in all sleep modes, but the EIC can be configured to automatically mask some interrupts in 
order to prevent device wake-up. 
The EIC will continue to operate in any sleep mode where the selected source clock is running. The EIC’s interrupts 
can be used to wake up the device from sleep modes. Events connected to the Event System can trigger other 
operations in the system without exiting sleep modes. Refer to “PIM — Power Manager” on page 110 for details on the 
different sleep modes. 

20.5.3 Clocks 
The EIC bus clock (CLK_EIC_APB) can be enabled and disabled in the Power Manager, and the default state of 
CLK_EIC_APB can be found in the Peripheral Clock Masking section in “PIM — Power Manager” on page 110. 
A generic clock (GCLK_EIC) is required to clock the peripheral. This clock must be configured and enabled in the 
Generic Clock Controller before using the peripheral. Refer to “GCLK — Generic Clock Controller’ on page 88 for 
details. 
This generic clock is asynchronous to the user interface clock (CLK_EIC_APB). Due to this asynchronicity, writes to 
certain registers will require synchronization between the clock domains. Refer to “Synchronization” on page 341 for 
further details. 

20.5.4 DMA 
Not applicable. 

20.5.5 Interrupts 
There are two interrupt request lines, one for the external interrupts (EXTINT) and one for non-maskable interrupt 
(NMI). 
The EXTINT interrupt request line is connected to the interrupt controller. Using the EIC interrupt requires the interrupt 
controller to be configured first. Refer to “Nested Vector Interrupt Controller” on page 26 for details. 
The NMI interrupt request line is also connected to the interrupt controller, but does not require the interrupt to be 
configured. 

20.5.6 Events 
The events are connected to the Event System. Using the events requires the Event System to be configured first. 
The External Interrupt Controller generates events as pulses. 

Atmel | SMART SAM D11 [DATASHEET 337 
Atmel | 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





Refer to “EVSYS — Event System” on page 405 for details. 


20.5.7 Debug Operation 


When the CPU is halted in debug mode, the EIC continues normal operation. If the EIC is configured in a way that 
requires it to be periodically serviced by the CPU through interrupts or similar, improper operation or data loss may 
result during debugging. 


20.5.8 Register Access Protection 


All registers with write-access are optionally write-protected by the Peripheral Access Controller (PAC), except the 
following registers: 


e Interrupt Flag Status and Clear register (INTFLAG - refer to INTFLAG) 
e  Non-Maskable Interrupt Flag Status and Clear register (NMIFLAG - refer to NMIFLAG) 


Write-protection is denoted by the Write-Protected property in the register description. 


Write-protection does not apply to accesses through an external debugger. Refer to “PAC — Peripheral Access 
Controller’ on page 30 for details. 


20.5.9 Analog Connections 


Not applicable. 


20.6 Functional Description 


20.6.1 Principle of Operation 


The EIC detects edge or level condition to generate interrupts to the CPU Interrupt Controller or events to the Event 
System. Each external interrupt pin (EXTINT) can be filtered using majority vote filtering, clocked by generic clock 
GCLK_EIC. 


20.6.2 Basic Operation 


20.6.2.1 Initialization 


The EIC must be initialized in the following order: 
1. Enable CLK_EIC_APB 
2. If edge detection or filtering is required, GCLK_EIC must be enabled 
3. Write the EIC configuration registers (EVCTRL, WAKEUP, CONFIGy) 
4. Enable the EIC 


When NMI is used, GCLK_EIC must be enabled after EIC configuration (NMICTRL). 


20.6.2.2 Enabling, Disabling and Resetting 


The EIC is enabled by writing a one to the Enable bit in the Control register (CTRL.ENABLE). The EIC is disabled by 
writing a zero to CTRL.ENABLE. 


The EIC is reset by writing a one to the Software Reset bit in the Control register (CTRL.SWRST). All registers in the 
EIC will be reset to their initial state, and the EIC will be disabled. 


Refer to CTRL register for details. 


20.6.3 External Pin Processing 


Each external pin can be configured to generate an interrupt/event on edge detection (rising, falling or both edges) or 
level detection (high or low). The sense of external pins is configured by writing the Interrupt Sense x bits in the Config 
y register (CONFIGy.SENSEx). The corresponding interrupt flag (INTFLAG.EXTINT[x]) in the Interrupt Flag Status 
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and Clear register (INTFLAG) is set when the interrupt condition is met (CONFIGy.SENSEx must be different from 
zero). 


When the interrupt has been cleared in edge-sensitive mode, INTFLAG.EXTINT[x] will only be set if a new interrupt 
condition is met. In level-sensitive mode, when interrupt has been cleared, INTFLAG.EXTINT[x] will be set 
immediately if the EXTINTx pin still matches the interrupt condition. 


Each external pin can be filtered by a majority vote filtering, clocked by GCLK_EIC. Filtering is enabled if bit Filter 
Enable x in the Configuration y register (CONFIGy.FILTENx) is written to one. The majority vote filter samples the 
external pin three times with GCLK_EIC and outputs the value when two or more samples are equal. 


Table 20-1. Majority Vote Filter 


Samples [0, 1, 2] Filter Output 























[0,0,0] 0 
[0,0,1] 0 
[0,1,0] 0 
[0,1,1] 1 
[1,0,0] 0 
[1,0,1] 1 
[1,1,0] 1 
[1,1,1] 1 














When an external interrupt is configured for level detection, or if filtering is disabled, detection is made 
asynchronously, and GCLK_EIC is not required. 


If filtering or edge detection is enabled, the EIC automatically requests the GCLK_EIC to operate (GCLK_EIC must be 
enabled in the GCLK module, see “GCLK — Generic Clock Controller’ on page 88 for details). If level detection is 
enabled, GCLK_EIC is not required, but interrupt and events can still be generated. 


Figure 20-2. Interrupt detections 
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EXTINTx | 
intreq_extint[x] 
(level detection / no filter) | 
intreq_extint! x] ; I L_ No interrupt 
(level detection / filter) | ' i 








intreq_extint[x] 
(edge detection / no filter) | | [ 


intreq_extint[x] ! ; 
(edge detection / filter) ee an No interrupt 














clear INTFLAG.EXTINTIx1 


The detection delay depends on the detection mode. 
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Table 20-2. Interrupt Latency 





Level with filter 


Detection Mode Latency (Worst Case) 


Level without filter 3 CLK_EIC_APB periods 





4 GCLK_EIC periods + 3 CLK_EIC_APB periods 




















Edge without filter 4 GCLK_EIC periods + 3 CLK_EIC_APB periods 
Edge with filter 6 GCLK_EIC periods + 3 CLK_EIC_APB periods 
20.6.4 Additional Features 


20.6.5 


20.6.6 


20.6.7 


The non-maskable interrupt pin can also generate an interrupt on edge or level detection, but it is configured with the 
dedicated NMI Control register (NMICTRL - refer to NMICTRL). To select the sense for NMI, write to the NUISENSE 
bit group in the NMI Control register (NMICTRL.NMISENSE). NMI filtering is enabled by writing a one to the NMI Filter 
Enable bit (NMICTRL.NMIFILTEN). 


NMI detection is enabled only by the NMICTRL.NMISENSE value, and the EIC is not required to be enabled. 
After reset, NMI is configured to no detection mode. 


When an NMI is detected, the non-maskable interrupt flag in the NMI Flag Status and Clear register is set 
(NMIFLAG.NMI). NMI interrupt generation is always enabled, and NMIFLAG.NMI generates an interrupt request 
when set. 


DMA Operation 
Not applicable. 


Interrupts 


The EIC has the following interrupt sources: 
e External interrupt pins (EXTINTx). See “Basic Operation” on page 338 
e  Non-maskable interrupt pin (NMI). See “Additional Features” on page 340 


Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status and Clear 
register (INTFLAG) is set when an interrupt condition occurs (NMIFLAG for NMI). Each interrupt, except NMI, can be 
individually enabled by writing a one to the corresponding bit in the Interrupt Enable Set register (INTENSET), and 
disabled by writing a one to the corresponding bit in the Interrupt Enable Clear register (INTENCLR). An interrupt 
request is generated when the interrupt flag is set and the corresponding interrupt is enabled. The interrupt request 
remains active until the interrupt flag is cleared, the interrupt is disabled or the EIC is reset. See the INTFLAG register 
for details on how to clear interrupt flags. The EIC has one common interrupt request line for all the interrupt sources 
(except the NMI interrupt request line). Refer to “Processor And Architecture” on page 25 for details. The user must 
read the INTFLAG (or NMIFLAG) register to determine which interrupt condition is present. 


Note that interrupts must be globally enabled for interrupt requests to be generated. Refer to “Processor And 
Architecture” on page 25 for details. 


Events 
The EIC can generate the following output events: 
e External event from pin (EXTINTx). 


Writing a one to an Event Output Control register (EVCTRLEXTINTEO) enables the corresponding output event. 
Writing a zero to this bit disables the corresponding output event. Refer to “EVSYS — Event System” on page 405 for 
details on configuring the Event System. 


When the condition on pin EXTINTx matches the configuration in the CONFIGy register, the corresponding event is 
generated, if enabled. 
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20.6.8 


20.6.9 


Sleep Mode Operation 


In sleep modes, an EXTINTx pin can wake up the device if the corresponding condition matches the configuration in 
CONFIGy register. Writing a one to a Wake-Up Enable bit (WAKEUP.WAKEUPEN|x]) enables the wake-up from pin 
EXTINTx. Writing a zero to a Wake-Up Enable bit (WAKEUP.WAKEUPEN|x]) disables the wake-up from pin 
EXTINTx. 


Using WAKEUPEN[x]=1 with INTENSET=0 is not recommended. 


Figure 20-3. Wake-Up Operation Example (High-Level Detection, No Filter, WAKEUPEN[x]=1) 
CLK_EIC_APB 
EXTINTx | 
intwake_extint[x] i | 


intreq_extint[x] 








clear INTFLAG.EXTINT[x] return to sleep mode 


Synchronization 
Due to the asynchronicity between CLK_EIC_APB and GCLK_EIC, some registers must be synchronized when 
accessed. A register can require: 

e Synchronization when written 

e Synchronization when read 

e Synchronization when written and read 

e No synchronization 


When executing an operation that requires synchronization, the Synchronization Busy bit in the Status register 
(STATUS.SYNCBUSY) will be set immediately, and cleared when synchronization is complete. 


If an operation that requires synchronization is executed while STATUS.SYNCBUSY is one, the bus will be stalled. All 
operations will complete successfully, but the CPU will be stalled, and interrupts will be pending as long as the bus is 
stalled. 


The following bits need synchronization when written: 
e Software Reset bit in the Control register (CTRL.SWRST) 
e Enable bit in the Control register (CTRL.ENABLE) 


No register needs synchronization when written. 


No register needs synchronization when read. 
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20.7 Register Summary 


Table 20-3. Register Summary 


















































































































































Bit 
Offset Name Pos. 
0x00 CTRL 7:0 ENABLE SWRST 
0x01 STATUS 7:0 SYNCBUSY 
0x02 NMICTRL 7:0 NMIFILTEN NMISENSE[2:0] 
0x03 NMIFLAG 7:0 NMI 
0x04 7:0 EXTINTEO7 EXTINTEO6 EXTINTEOS5 EXTINTEO4 EXTINTEO3 EXTINTEO2 EXTINTEO1 EXTINTEOO 
0x05 15:8 
J EVCTRL 
0x06 23:16 
0x07 31:24 
0x08 7:0 EXTINT7 EXTINT6 EXTINT5S EXTINT4 EXTINT3 EXTINT2 EXTINT1 EXTINTO 
0x09 15:8 
t———— INTENCLR 
Ox0A 23:16 
0x0B 31:24 
0x0C 7:0 EXTINT7 EXTINT6 EXTINT5 EXTINT4 EXTINT3 EXTINT2 EXTINT1 EXTINTO 
0x0D 15:8 
INTENSET 
Ox0E 23:16 
Ox0OF 31:24 
0x10 7:0 EXTINT7 EXTINT6 EXTINT5S EXTINT4 EXTINT3 EXTINT2 EXTINT1 EXTINTO 
0x11 15:8 
INTFLAG 
0x12 23:16 
0x13 31:24 
0x14 7:0 WAKEUPEN7 | WAKEUPEN6 WAKEUPEN5 WAKEUPEN4 WAKEUPEN3 WAKEUPEN2 | WAKEUPEN1 | WAKEUPENO 
0x15 15:8 
WAKEUP 
0x16 23:16 
0x17 31:24 
0x18 7:0 FILTEN1 SENSE 1[2:0] FILTENO SENSEO[2:0] 
0x19 15:8 FILTEN3 SENSE3[2:0] FILTEN2 SENSE2[2:0] 
t——— CONFIGO 
Ox1A 23:16 FILTENS SENSE5[2:0] FILTEN4 SENSE4[2:0] 
0x1B 31:24 FILTEN7 SENSE7[2:0] FILTEN6 SENSE6[2:0] 
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20.8 Register Description 
Registers can be 8, 16 or 32 bits wide. Atomic 8-, 16- and 32-bit accesses are supported. In addition, the 8-bit quarters 
and 16-bit halves of a 32-bit register and the 8-bit halves of a 16-bit register can be accessed directly. 


Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Write-protection is denoted by 
the Write-protected property in each individual register description. Refer to “Register Access Protection” on page 338 for 
details. 


Some registers require synchronization when read and/or written. Synchronization is denoted by the Synchronized 
property in each individual register description. Refer to “Synchronization” on page 341 for details. 


Some registers are enable-protected, meaning they can be written only when the EIC is disabled. Enable-protection is 
denoted by the Enabled-Protected property in each individual register description. 
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20.8.1 Control 


Name: CTRL 
Offset: 0x00 
Reset: 0x00 


Access: Read-Write 
Property: Write-Protected, Write-Synchronized 


Bit 7 6 5 4 3 2 1 0 

a a 
Access R R R R R R R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 7:2 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 1-— ENABLE: Enable 
0: The EIC is disabled. 
1: The EIC is enabled. 


Due to synchronization, there is delay from writing CTRL.ENABLE until the peripheral is enabled/disabled. The 
value written to CTRL.ENABLE will read back immediately, and the Synchronization Busy bit in the Status register 
(STATUS.SYNCBUSY) will be set. STATUS.SYNCBUSY will be cleared when the operation is complete. 


e Bit 0 - SWRST: Software Reset 
0: There is no ongoing reset operation. 
1: The reset operation is ongoing. 
Writing a zero to this bit has no effect. 
Writing a one to this bit resets all registers in the EIC to their initial state, and the EIC will be disabled. 
Writing a one to CTRL.SWRST will always take precedence, meaning that all other writes in the same write opera- 
tion will be discarded. 
Due to synchronization, there is a delay from writing CTRL.SWRST until the reset is complete. CTRL.SWRST and 
STATUS.SYNCBUSY will both be cleared when the reset is complete. 


Atmel | SMART SAM D11 [DATASHEET 344 
Atmel | 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





20.8.2 Status 
Name: STATUS 
Offset: 0x01 
Reset: 0x00 
Access: Read-Only 
Property: - 


7 6 5 4 3 2 1 0 
R R R R R R R R 


Reset 0 


Bit 
Access 


e Bit 7-—SYNCBUSY: Synchronization Busy 
This bit is cleared when the synchronization of registers between the clock domains is complete. 
This bit is set when the synchronization of registers between clock domains is started. 


e Bits 6:0 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
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20.8.3 Non-Maskable Interrupt Control 


Name: NMICTRL 
Offset: 0x02 
Reset: 0x00 


Access: Read-Write 
Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 

a 
Access R R R R R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e_ Bits 7:4 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 3-— NMIFILTEN: Non-Maskable Interrupt Filter Enable 
0: NMI filter is disabled. 


1: NMI filter is enabled. 


e Bits 2:0 - NMISENSE[2:0]: Non-Maskable Interrupt Sense 
These bits define on which edge or level the NMI triggers. 


Table 20-4. Non-Maskable Interrupt Sense 



































NMISENSE[2:0] Name Description 

0x0 NONE No detection 

0x1 RISE Rising-edge detection 
0x2 FALL Falling-edge detection 
0x3 BOTH Both-edges detection 
0x4 HIGH High-level detection 

0x5 LOW Low-level detection 

0x6-0x7 Reserved 
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20.8.4 Non-Maskable Interrupt Flag Status and Clear 


Name: NMIFLAG 

Offset: 0x03 

Reset: 0x00 

Access: Read-Write 

Property: - 
Bit 7 6 5 4 3 2 1 0 
Access R R R R R R R R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 7:1 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 0 - NMI: Non-Maskable Interrupt 
This flag is cleared by writing a one to it. 
This flag is set when the NMI pin matches the NMI sense configuration, and will generate an interrupt request. 
Writing a zero to this bit has no effect. 
Writing a one to this bit clears the non-maskable interrupt flag. 
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20.8.5 Event Control 
Name: EVCTRL 
Offset: 0x04 
Reset: 0x00000000 
Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 Is) 4 3 2 1 0 
EXTINTEO7 EXTINTEO6 EXTINTEO5 EXTINTEO4 EXTINTEO3 EXTINTEO2 EXTINTEO1 EXTINTEOO 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:8 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 7:0 - EXTINTEOx [x=7..0]: External Interrupt x Event Output Enable 
These bits indicate whether the event associated with the EXTINTx pin is enabled or not to generated for every 
detection. 
0: Event from pin EXTINTx is disabled. 
1: Event from pin EXTINTx is enabled. 
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20.8.6 Interrupt Enable Clear 
Name: INTENCLR 
Offset: 0x08 
Reset: 0x00000000 


Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 

Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 

Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 Is) 4 3 2 1 0 

EXTINT7 EXTINT6 EXTINT5 EXTINT4 EXTINT3 EXTINT2 EXTINT1 EXTINTO 

Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes in this register 
will also be reflected in the Interrupt Enable Set register (INTENSET). 


e Bits 31:8 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 7:0 —- EXTINTx [x=7..0]: External Interrupt x Enable 
0: The external interrupt x is disabled. 


1: The external interrupt x is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the External Interrupt x Enable bit, which enables the external interrupt. 
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20.8.7 Interrupt Enable Set 
Name: INTENSET 
Offset: 0x0C 
Reset: 0x00000000 
Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 

Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 

Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 Is) 4 3 2 1 0 

EXTINT7 EXTINT6 EXTINT5 EXTINT4 EXTINT3 EXTINT2 EXTINT1 EXTINTO 

Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes in this register 
will also be reflected in the Interrupt Enable Clear (INTENCLR) register. 


e Bits 31:8 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 7:0 —- EXTINTx [x=7..0]: External Interrupt x Enable 
0: The external interrupt x is disabled. 


1: The external interrupt x is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the External Interrupt x Enable bit, which enables the external interrupt. 
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20.8.8 Interrupt Flag Status and Clear 
Name: INTFLAG 

Offset: 0x10 

Reset: 0x00000000 


Access: Read-Write 


Property: - 
Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 Is) 4 3 2 1 0 
EXTINT7 EXTINT6 EXTINT5 EXTINT4 EXTINT3 EXTINT2 EXTINT1 EXTINTO 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:8 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 7:0 — EXTINTx [x=7..0]: External Interrupt x 
This flag is cleared by writing a one to it. 
This flag is set when EXTINTx pin matches the external interrupt sense configuration and will generate an interrupt 
request if INTENCLR/SET.EXTINT[x] is one. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the External Interrupt x flag. 
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20.8.9 Wake-Up Enable 
Name: WAKEUP 
Offset: 0x14 
Reset: 0x00000000 


Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 IS) 4 3 2 1 0 
WAKEUPEN7 WAKEUPEN6 WAKEUPEN5 WAKEUPEN4 WAKEUPEN3 WAKEUPEN2 WAKEUPEN(1 WAKEUPENO 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:8 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 7:0 - WAKEUPENx [x=7..0]: External Interrupt x Wake-up Enable 
This bit enables or disables wake-up from sleep modes when the EXTINTx pin matches the external interrupt 
sense configuration. 
0: Wake-up from the EXTINTx pin is disabled. 
1: Wake-up from the EXTINTx pin is enabled. 
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20.8.10 Configuration n 
Name: CONFIG 
Offset: 0x18 
Reset: 0x00000000 


Access: Read-Write 


Property: Write-Protected 


























Bit 31 30 29 28 27 26 25 24 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
ee. Bits 31, 27, 23, 19, 15, 11, 7 — FILTENx: Filter 0 Enable 
0: Filter is disabled for EXTINT[n*8+x] input. 
1: Filter is enabled for EXTINT[n*8+x] input. 
e = Bits 30:28, 26:24, 22:20, 18:16, 14:12, 10:8, 6:4 - SENSEx: Input Sense 0 Configuration 
These bits define on which edge or level the interrupt or event for EXTINT[n*8+x] will be generated. 
Table 20-5. Input Sense 0 Configuration 
SENSEO[2:0] Name DY =X-oq a] ey (ey) 
0x0 NONE No detection 
0x1 RISE Rising-edge detection 
0x2 FALL Falling-edge detection 
0x3 BOTH Both-edges detection 
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SENSEO[2:0] Description 


























0x4 HIGH High-level detection 
Ox5 LOW Low-level detection 
Ox6-0x7 Reserved 
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21. NVMCTRL — Non-Volatile Memory Controller 


21.1 Overview 


Non-volatile memory (NVM) is a reprogrammable flash memory that retains program and data storage even with 
power off. The NVM Controller (NVMCTRL) connects to the AHB and APB bus interfaces for system access to the 
NVM block. The AHB interface is used for reads and writes to the NVM block, while the APB interface is used for 
commands and configuration. 


21.2 Features 

32-bit AHB interface for reads and writes 

All NVM sections are memory mapped to the AHB, including calibration and system configuration 
32-bit APB interface for commands and control 

Programmable wait states for read optimization 

16 regions can be individually protected or unprotected 

Additional protection for boot loader 

Supports device protection through a security bit 

Interface to Power Manager for power-down of flash blocks in sleep modes 

Can optionally wake up on exit from sleep or on first access 


Direct-mapped cache 


21.3. Block Diagram 


Figure 21-1. Block Diagram 





21.4 Signal Description 
Not applicable 
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21.5 Product Dependencies 
In order to use this module, other parts of the system must be configured correctly, as described below. 
21.5.1 Power Management 
The NVMCTRL will continue to operate in any sleep mode where the selected source clock is running. The 
NVMCTRL’s interrupts can be used to wake up the device from sleep modes. Refer to “PIM — Power Manager” on 
page 110 for details on the different sleep modes. 
The Power Manager will automatically put the NVM block into a low-power state when entering sleep mode. This is 
based on the Control B register (CTRLB - refer to CTRLB) SLEEPPRM bit setting. Read the CTRLB register 
description for more details. 
21.5.2 Clocks 
Two synchronous clocks are used by the NVMCTRL. One is provided by the AHB bus (CLK_NVMCTRL_AHB) and 
the other is provided by the APB bus (CLK_NVMCTRL_APB). For higher system frequencies, a programmable 
number of wait states can be used to optimize performance. When changing the AHB bus frequency, the user must 
ensure that the NVM Controller is configured with the proper number of wait states. Refer to the “Electrical 
Characteristics” on page 858 for the exact number of wait states to be used for a particular frequency range. 
21.5.3 Interrupts 
The NVM Controller interrupt request line is connected to the interrupt controller. Using the NVMCTRL interrupt 
requires the interrupt controller to be programmed first. 
Refer to “Nested Vector Interrupt Controller’ on page 26 for details. 
21.5.4 Debug Operation 
When an external debugger forces the CPU into debug mode, the peripheral continues normal operation. 
Access to the NVM block can be protected by the security bit. In this case, the NVM block will not be accessible. See 
“Security Bit” on page 361 for details. 
21.5.5 Register Access Protection 
All registers with write-access are optionally write-protected by the Peripheral Access Controller (PAC), except the 
following registers: 
e Interrupt Flag Status and Clear register (INTFLAG - refer to INTFLAG) 
e Status register (STATUS - refer to STATUS) 
Write-protection is denoted by the Write-Protected property in the register description. Write-protection does not apply 
for accesses through an external debugger. 
When the CPU is halted in debug mode, all write-protection is automatically disabled. Refer to “PAC — Peripheral 
Access Controller” on page 30 for details. 
21.5.6 Analog Connections 
Not applicable. 
21.6 Functional Description 
21.6.1 Principle of Operation 
The NVM Controller is a slave on the AHB and APB buses. It responds to commands, read requests and write 
requests, based on user configuration. 
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21.6.2 


Basic Operations 


21.6.2.1 Initialization 


After power up, the NVM Controller goes through a power-up sequence. During this time, access to the NVM 


Controller from the AHB bus is halted. Upon power-up completion, the NVM Controller is operational without any need 


for user configuration. 


21.6.2.2 Enabling, Disabling and Resetting 


21.6.3 


Not applicable. 


Memory Organization 
Refer to “Physical Memory Map” on page 21 for memory sizes and addresses for each device. 


The NVM is organized into rows, where each row contains four pages, as shown in Figure 21-2. The NVM has a row- 
erase granularity, while the write granularity is by page. In other words, a single row erase will erase all four pages in 
the row, while four write operations are used to write the complete row. 


Figure 21-2. Row Organization 


Row n Page (n* 4) +3 Page (n* 4)+2 Page (n* 4) +1 Page (n* 4) +0 


The NVM block contains a calibration and auxiliary space that is memory mapped. Refer to Figure 21-3 for details. 


The calibration and auxiliary space contains factory calibration and system configuration information. This space can 
be read from the AHB bus in the same way as the main NVM main address space. 


In addition, a boot loader section can be allocated at the beginning of the main array, and an EEPROM emulation area 
can be allocated at the end of the NVM main address space. 


Figure 21-3. NVM Memory Organization 


Calibration and 
auxiliary space NVM Base Address + 0x00800000 


NVM Base Address + NVM size 


NVM Main 
Address Space 


NVM Base Address 





The lower rows in the NVM main address space can be allocated as a boot loader section by using the BOOTPROT 
fuses, and the upper rows can be allocated to EEPROM emulation, as shown in Figure 21-4. The boot loader section 
is protected by the lock bit(s) corresponding to this address space and by the BOOTPROT[2:0] fuse. The EEPROM 
rows can be written regardless of the region lock status. The number of rows protected by BOOTPROT and the 
number of rows allocated to EEPROM emulation are given in Table 21-2 and Table 21-3, respectively. 
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Figure 21-4. EEPROM Emulation and Boot Loader Allocation 
NVM Base Address + NVM size 


EEPROM Emulation 
allocation 
NVM Base Address + NVM size - EEPROM size 


Program 
allocation 


NVM Base Address + BOOTPROT size 


BOOT 
allocation 
NVM Base Address 


21.6.4 Region Lock Bits 


The NVM block is grouped into 16 equally sized regions. The region size is dependent on the flash memory size, and 
is given in the table below. Each region has a dedicated lock bit preventing writing and erasing pages in the region. 
After production, all regions will be unlocked. 





Table 21-1. Region Size 


Memory Size [KB] Region Size [KB] 











256 16 
128 8 
64 4 
32 2 














To lock or unlock a region, the Lock Region and Unlock Region commands are provided. Writing one of these 
commands will temporarily lock/unlock the region containing the address loaded in the ADDR register. ADDR can be 
written by software, or the automatically loaded value from a write operation can be used. The new setting will stay in 
effect until the next reset, or the setting can be changed again using the lock and unlock commands. The current 
status of the lock can be determined by reading the LOCK register. 

To change the default lock/unlock setting for a region, the user configuration section of the auxiliary space must be 
written using the Write Auxiliary Page command. Writing to the auxiliary space will take effect after the next reset. 
Therefore, a boot of the device is needed for changes in the lock/unlock setting to take effect. See “Physical Memory 
Map” on page 21 for calibration and auxiliary space address mapping. 


21.6.5 Command and Data Interface 


The NVM Controller is addressable from the APB bus, while the NVM main address space is addressable from the 
AHB bus. Read and automatic page write operations are performed by addressing the NVM main address space 
directly, while other operations such as manual page writes and row erase must be performed by issuing commands 
through the NVM Controller. 
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To issue a command, the CTRLA.CMD bits must be written along with the CTRLA.CMDEX value. When a command 
is issued, INTFLAG.READY will be cleared until the command has completed. Any commands written while 
INTFLAG.READY is low will be ignored. Read the CTRLA register description for more details. 


The CTRLB register must be used to control the power reduction mode, read wait states and the write mode. 
21.6.5.1 NVM Read 


Reading from the NVM main address space is performed via the AHB bus by addressing the NVM main address 
space or auxiliary address space directly. Read data is available after the configured number of read wait states 
(CTRLB.RWS) set in the NVM Controller, has passed. 


The number of cycles data are delayed to the AHB bus is determined by the read wait states. Examples of using zero 
and one wait states are shown in Figure 21-5. 


Figure 21-5. Read Wait State Examples 


0 Wait States 
AHB Command RdO xX Rd 1X Idle 


AHB Slave Ready 


AHB Slave Data < Data XX Data 1> 


1 Wait State 


AHB Command Rd0O x Rat x 1 Idle 
AHB Slave Ready | | | | 


21.6.5.2 NVM Write 


The NVM Controller requires that an erase must be done before programming. The entire NVM main address space 
can be erased by a debugger Chip Erase command. Alternatively, rows can be individually erased by the Erase Row 
command. 


After programming, the region that the page resides in can be locked to prevent spurious write or erase sequences. 
Locking is performed on a per-region basis, and so locking a region locks all pages inside the region. 


Data to be written to the NVM block are first written and stored in an internal buffer called the page buffer. The page 
buffer contains the same number of bytes as an NVM page. Writes to the page buffer must be 16 or 32 bits. 8-bit 
writes to the page buffer is not allowed, and will cause a system exception. 


Writing to the NVM block via the AHB bus is performed by a load operation to the page buffer. For each AHB bus 
write, the address is stored in the ADDR register. After the page buffer has been loaded with the required number of 
bytes, the page can be written to the addressed location by setting CMD to Write Page and setting the key value to 
CMDEX. The LOAD bit in the STATUS register indicates whether the page buffer has been loaded or not. Before 
writing the page to memory, the accessed row must be erased. 


By default, automatic page writes are enabled (MANW=0). This will trigger a write operation to the page addressed by 
ADDR when the last location of the page is written. 


Because the address is automatically stored in ADDR during the I/O bus write operation, the last given address will be 
present in the ADDR register. There is no need to load the ADDR register manually, unless a different page in 
memory is to be written. 
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Procedure for Manual Page Writes (MANW=1) 
The row to be written must be erased before the write command is given. 
e Write to the page buffer by addressing the NVM main address space directly 
e Write the page buffer to memory: CMD=Write Page and CMDEX 
e The READY bit in the INTFLAG register will be low while programming is in progress, and access through the 
AHB will be stalled 
Procedure for Automatic Page Writes (MANW=0) 
The row to be written must be erased before the last write to the page buffer is performed. 
Note that partially written pages must be written with a manual write. 
e Write to the page buffer by addressing the NVM main address space directly. 
e When the last location in the page buffer is written, the page is automatically written to NVM main 
address space. 
e INTFLAG.READY will be zero while programming is in progress and access through the AHB will be stalled. 
21.6.5.3 Page Buffer Clear 
The page buffer is automatically cleared to all ones after a page write is performed. If a partial page has been written 
and it is desired to clear the contents of the page buffer, the Page Buffer Clear command can be used. 
21.6.5.4 Erase Row 


Before a page can be written, the row that contains the page must be erased. The Erase Row command can be used 
to erase the desired row. Erasing the row sets all bits to one. If the row resides in a region that is locked, the erase will 
not be performed and the Lock Error bit in the Status register (STATUS.LOCKE) will be set. 


Procedure for Erase Row 
e Write the address of the row to erase ADDR. Any address within the row can be used. 
e Issue an Erase Row command. 
21.6.5.5 Lock and Unlock Region 
These commands are used to lock and unlock regions as detailed in section “Region Lock Bits” on page 358. 


21.6.5.6 Set and Clear Power Reduction Mode 


The NVM Controller and block can be taken in and out of power reduction mode through the set and clear power 
reduction mode commands. When the NVM Controller and block are in power reduction mode, the Power Reduction 
Mode bit in the Status register (STATUS.PRM) is set. 


21.6.6 NVM User Configuration 


The NVM user configuration resides in the auxiliary space. See “Physical Memory Map” on page 21 for calibration and 
auxiliary space address mapping. 


The bootloader resides in the main array starting at offset zero. The allocated boot loader section is protected against 
write. 


Table 21-2. Boot Loader Size 





























BOOTPROT [2:0] Rows Protected by BOOTPROT Boot Loader Size in Bytes 
6 2 512 
5 4 1024 
4 8 2048 
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BOOTPROT [2:0] Rows Protected by BOOTPROT Boot Loader Size in Bytes 
3 16 4096 
2 32 8192 
1 64 16384 
0 128 32768 

















The EEPROM bits indicates the Flash size reserved for EEPROM emulation according to the Table 21-3. EEPROM 
resides in the upper rows of the NVM main address space and are writable, regardless of the region lock status. 


Table 21-3. Flash size for EEPROM emulation 






































EEPROM[2:0] Xo) EWN CoXer-1 (210 fl Co mt mt od 240) EEPROM Size in Bytes for EEPROM emulation 
7 None 0 
6 1 256 
5 2 512 
4 4 1024 
3 8 2048 
2 16 4096 
1 32 8192 
0 64 16384 
Note: 1. the actual size of the EEPROM depends on the emulation software. For more information see Application Note AT03265 


21.6.7 Security Bit 


The security bit allows the entire chip to be locked from external access for code security. The security bit can be 
written by a dedicated command, Set Security Bit (SSB). Once set, the only way to clear the security bit is through a 
debugger Chip Erase command. After issuing the SSB command, the PROGE error bit can be checked. Refer to 
“DSU — Device Service Unit” on page 39 for details. 


21.6.8 Cache 


The NVM Controller cache reduces the device power consumption and improves system performance when wait 
states are required. It is a direct-mapped cache that implements 8 lines of 64 bits (i.e., 64 bytes). NVM Controller 
cache can be enabled by writing a zero in the CACHEDIS bit in the CTRLB register (CTRLB.CACHEDIS). Cache can 
be configured to three different modes using the READMODE bit group in the CTRLB register. Refer to CTRLB 
register description for more details. The INVALL command can be issued through the CTRLA register to invalidate all 
cache lines. Commands affecting NVM content automatically invalidate cache lines. 
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21.7 Register Summary 


Table 21-4. Register Summary 
















































































































































































Bit 
Offset Name Pos. 
0x00 70 CMD[6:0] 
CTRLA 
0x01 15:8 CMDEX[7:0] 
0x02 Reserved 
0x03 Reserved 
0x04 7:0 MANW RWSJ[3:0] 
0x05 15:8 SLEEPPRM[1:0] 
|———___] CTRLB 
0x06 23:16 CACHEDIS READMODE[1:0] 
0x07 31:24 
0x08 7:0 NVMP[7:0] 
0x09 15:8 NVMP[15:8] 
tJ PARAM 
Ox0A 23:16 PSZ[2:0] 
0x0B 31:24 
0x0C INTENCLR 7:0 ERROR READY 
0x0D 
as Reserved 
OxOF 
0x10 INTENSET 7:0 ERROR READY 
0x11 
“ Reserved 
0x13 
0x14 INTFLAG 7:0 ERROR READY 
0x15 
ae Reserved 
0x17 
0x18 7:0 NVME LOCKE PROGE LOAD PRM 
po STATUS 
0x19 15:8 SB 
Ox1A Reserved 
0x1B Reserved 
0x1C 7:0 ADDR[7:0] 
0x1D 15:8 ADDR[15:8] 
ADDR 
Ox1E 23:16 ADDR[21:16] 
Ox1F 31:24 
0x20 7:0 LOCK[7:0] 
LOCK 
0x21 15:8 LOCK[15:8] 
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21.8 Register Description 
Registers can be 8, 16 or 32 bits wide. Atomic 8-, 16- and 32-bit accesses are supported. In addition, the 8-bit quarters 
and 16-bit halves of a 32-bit register and the 8-bit halves of a 16-bit register can be accessed directly. 


Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Write-protection is denoted by 
the Write-Protected property in each individual register description. Refer to the “Register Access Protection” on page 
356 and the “PAC — Peripheral Access Controller’ on page 30 for details. 
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21.8.1 Control A 
Name: CTRLA 
Offset: 0x00 
Reset: 0x0000 
Access: Read-Write 
Property: Write-Protected 


Bit 15 14 13 12 11 10 9 8 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 
es 

Access R R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


e Bits 15:8 - CMDEX[7:0]: Command Execution 
This bit group should be written with the key value 0xA5 to enable the command written to CMD to be executed. If 
the bit group is written with a different key value, the write is not performed and the PROGE status bit is set. 
PROGE is also set if the a previously written command is not complete. 
The key value must be written at the same time as CMD. If a command is issued through the APB bus on the 
same cycle as an AHB bus access, the AHB bus access will be given priority. The command will then be executed 
when the NVM block and the AHB bus are idle. 
The READY status must be one when the command is issued. 
Bit 0 of the CMDEX bit group will read back as one until the command is issued. 


Table 21-5. Command Execution 











CMDEX[7:0] Description 
0x0-0xa4 Reserved 
OxA5 KEY Execution Key 
Oxa6-Oxff Reserved 














e Bit 7 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


e Bits 6:0 - CMD[6:0]: Command 
These bits define the command to be executed when the CMDEX key is written, as shown in Table 21-6. 
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Table 21-6. Command 






























































CMD[6:0] Description 
Ox0-0x1 Reserved 
Ox2 ER Erase Row - Erases the row addressed by the ADDR 
register. 
0x3 Reserved 
Ox4 Wp Write Page - Writes the contents of the page buffer to the 
page addressed by the ADDR register. 
Erase Auxiliary Row - Erases the auxiliary row addressed by 
Ox5 EAR the ADDR register. This command can be given only when 
the security bit is not set and only to the user configuration 
row. 
Write Auxiliary Page - Writes the contents of the page buffer 
Ox6 WAP to the page addressed by the ADDR register. This command 
can be given only when the security bit is not set and only to 
the user configuration row. 
0x7-0x9 Reserved 
OxA SF Security Flow Command 
Oxb-0xe Reserved 
OxF WL Write lockbits 
0x10-0x3f Reserved 
0x40 LR Lock Region - Locks the region containing the address 
x location in the ADDR register. 
0x44 UR Unlock Region - Unlocks the region containing the address 
- location in the ADDR register. 
0x42 SPRM Sets the power reduction mode. 
0x43 CPRM Clears the power reduction mode. 
0x44 PBC Page Buffer Clear - Clears the page buffer. 
0x45 SSB Set Security Bit - Sets the security bit by writing 0x00 to the 
first byte in the lockbit row. 
0x46 INVALL Invalidates all cache lines. 
0x47-0x7f Reserved 
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21.8.2 Control B 
Name: CTRLB 
Offset: 0x04 
Reset: 0x00000000 


Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R/W R R R/W R/W R/W R/W R 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:19 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 18 — CACHEDIS: Cache Disable 
This bit is used to disable the cache. 


0: The cache is enabled. 
1: The cache is disabled. 
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e Bits 17:16 - READMODE[1:0]: NVMCTRL Read Mode 


Table 21-7. NVMCTRL Read Mode 


READMODE[1:0] Name Description 


The NVM Controller (cache system) does not insert wait 


Oe Dea Sells states on a cache miss. Gives the best system performance. 





Reduces power consumption of the cache system, but 
inserts a wait state each time there is a cache miss. This 
Ox1 LOW_POWER mode may not be relevant if CPU performance is required, 
as the application will be stalled and may lead to increase 
run time. 





The cache system ensures that a cache hit or miss takes the 
same amount of time, determined by the number of 





0x2 DETERMINISTIC programmed flash wait states. This mode can be used for 
real-time applications that require deterministic execution 
timings. 

0x3 Reserved 

















e Bits 15:10 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 9:8 - SLEEPPRM[1:0]: Power Reduction Mode during Sleep 
Indicates the power reduction mode during sleep. 


Table 21-8. Power Reduction Mode during Sleep 











SLEEPPRM[1:0] Name Description 
NVM block enters low-power mode when entering 
oe HEIN NOS sleep.NVM block exits low-power mode upon first access. 
NVM block enters low-power mode when entering 
Ox WER EUEINSTANT sleep.NVM block exits low-power mode when exiting sleep. 
0x2 Reserved 
0x3 DISABLED Auto power reduction disabled. 

















e = =©Bit 7-— MANW: Manual Write 
0: Writing to the last word in the page buffer will initiate a write operation to the page addressed by the last write 
operation. This includes writes to memory and auxiliary rows. 


1: Write commands must be issued through the CMD register. 


e Bits 6:5 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 4:1 — RWS[3:0]: NVM Read Wait States 
These bits give the number of wait states for a read operation. Zero indicates zero wait states, one indicates one 
wait state, etc., up to 15 wait states. 
This register is initialized to 0 wait states. Software can change this value based on the NVM access time and sys- 
tem frequency. 
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e Bit 0 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
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21.8.3 NVM Parameter 
Name: PARAM 
Offset: 0x08 
Reset: OXOO000000000000XXXXXXXXXXXXXXXXXXX 
Access: Read-Write 


Property: - 

Bit 31 30 29 28 27 26 25 24 

Access R R R R R R R R 

Reset 0 0 0 0 0 

Bit 23 22 21 20 19 18 17 16 

Access R R R R R R R R 

Reset 0 0 0 0 0 x Xx Xx 

Bit 15 14 13 12 11 10 9 8 
NVMP[15:8] 

Access R R R R R R R R 

Reset x x Xx x Xx x x x 

Bit 7 6 5 4 3 2 1 0 
NVMP[7:0] 

Access R R R R R R R R 

Reset x x xX x x x x x 


e Bits 31:19 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 18:16 — PSZ[2:0]: Page Size 
Indicates the page size. Not all device families will provide all the page sizes indicated in the table. 


Table 21-9. Page Size 





























PSZ[2:0] Name Description 
0x0 8 8 bytes 
Ox1 16 16 bytes 
Ox2 32 32 bytes 
0x3 64 64 bytes 
0x4 128 128 bytes 
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PSZ[2:0] Description 














Ox5 256 256 bytes 
Ox6 512 512 bytes 
Ox7 1024 1024 bytes 














e Bits 15:0 - NVMP[15:0]: NVM Pages 
Indicates the number of pages in the NVM main address space. 
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21.8.4 Interrupt Enable Clear 


Name: INTENCLR 
Offset: 0x0C 
Reset: 0x00 


Access: Read-Write 


Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 

a 
Access R R R R R R R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes in this register 
will also be reflected in the Interrupt Enable Set register (INTENSET). 


Atmel 


Bits 7:2 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bit 1 - ERROR: Error Interrupt Enable 

Writing a zero to this bit has no effect. 

Writing a one to this bit clears the ERROR interrupt enable. 

This bit will read as the current value of the ERROR interrupt enable. 


Bit 0 - READY: NVM Ready Interrupt Enable 

Writing a zero to this bit has no effect. 

Writing a one to this bit clears the READY interrupt enable. 

This bit will read as the current value of the READY interrupt enable. 
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21.8.5 Interrupt Enable Set 


Name: INTENSET 
Offset: 0x10 
Reset: 0x00 


Access: Read-Write 


Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 

a a 
Access R R R R R R R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes in this register 
will also be reflected in the Interrupt Enable Clear register (INTENCLR). 
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Bits 7:2 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bit 1 - ERROR: Error Interrupt Enable 

Writing a zero to this bit has no effect. 

Writing a one to this bit sets the ERROR interrupt enable. 

This bit will read as the current value of the ERROR interrupt enable. 


Bit 0 - READY: NVM Ready Interrupt Enable 

Writing a zero to this bit has no effect. 

Writing a one to this bit sets the READY interrupt enable. 

This bit will read as the current value of the READY interrupt enable. 
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21.8.6 Interrupt Flag Status and Clear 


Name: INTFLAG 
Offset: 0x14 
Reset: 0x00 
Access: Read-Write 
Property: - 

Bit 


7 6 5 4 3 2 1 0 
R R R R R R R/W R 


Reset 0 0 0 0 0 0 0 


Access 


e Bits 7:2 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 1—ERROR: Error 
This flag is set on the occurrence of an NVME, LOCKE or PROGE error. 


0: No errors have been received since the last clear. 
1: At least one error has occurred since the last clear. 
This bit can be cleared by writing a one to its bit location. 


e Bit 0 - READY: NVM Ready 
0: The NVM controller is busy programming or erasing. 
1: The NVM controller is ready to accept a new command. 
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21.8.7 Status 
Name: STATUS 
Offset: 0x18 
Reset: 0X0000000X00000000 


Access: Read-Write 


Property: - 

Bit 15 14 13 12 11 10 9 8 
_ | | | | | x 

Access R R R R R R R R 

Reset 0 

Bit 7 6 5 4 3 2 1 0 
a 

Access R R R R/W R/W R/W R/W R 

Reset 0 0 0 0 0 0 0 


e Bits 15:9 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 8 —- SB: Security Bit Status 
0: The Security bit is inactive. 


1: The Security bit is active. 


e Bits 7:5 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 4-—NVME: NVM Error 
0: No programming or erase errors have been received from the NVM controller since this bit was last cleared. 


1: At least one error has been registered from the NVM Controller since this bit was last cleared. 
This bit can be cleared by writing a one to its bit location. 


e Bit 3 - LOCKE: Lock Error Status 
0: No programming of any locked lock region has happened since this bit was last cleared. 
1: Programming of at least one locked lock region has happened since this bit was last cleared. 
This bit can be cleared by writing a one to its bit location. 


e Bit 2- PROGE: Programming Error Status 
0: No invalid commands or bad keywords were written in the NVM Command register since this bit was last 
cleared. 
1: An invalid command and/or a bad keyword was/were written in the NVM Command register since this bit was 
last cleared. 
This bit can be cleared by writing a one to its bit location. 
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e Bit 1—LOAD: NVM Page Buffer Active Loading 
This bit indicates that the NVM page buffer has been loaded with one or more words. Immediately after an NVM 
load has been performed, this flag is set, and it remains set until a page write or a page buffer clear (PBCLR) com- 
mand is given. 
This bit can be cleared by writing a one to its bit location. 


e Bit 0 - PRM: Power Reduction Mode 
This bit indicates the current NVM power reduction state. The NVM block can be set in power reduction mode in 
two ways: through the command interface or automatically when entering sleep with SLEEPPRM set accordingly. 
PRM can be cleared in three ways: through AHB access to the NVM block, through the command interface (SPRM 
and CPRM) or when exiting sleep with SLEEPPRM set accordingly. 
0: NVM is not in power reduction mode. 
1: NVM is in power reduction mode. 
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21.8.8 Address 
Name: ADDR 
Offset: 0x1C 
Reset: 0x00000000 
Access: Read-Write 
Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
ADDR[15:8] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
ADDR[7:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:22 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 21:0 - ADDR[21:0]: NVM Address 
ADDR drives the hardware (16-bit) address to the NVM when a command is executed using CMDEX. 8-bit 
addresses must be shifted one bit to the right before writing to this register. 
This register is automatically updated when writing to the page buffer, and can also be manually written. This reg- 
ister holds the address offset for the section addressed. 
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21.8.9 Lock Section 


Name: LOCK 
Offset: 0x20 
Reset: - 


Access: Read-Write 


Property: - 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 
Bit 7 6 5 4 3 2 1 0 
Access R R R R R R R R 
Reset 0 


e Bits 15:0 - LOCK[15:0]: Region Lock Bits 
In order to set or clear these bits, the CMD register must be used. 
0: The corresponding lock region is locked. 
1: The corresponding lock region is not locked. 
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22. 


22.1 


22.2 


PORT 


Overview 


The Port (PORT) controls the I/O pins of the microcontroller. The I/O pins are organized in a series of groups, 
collectively referred to as a line bundle, and each group can have up to 32 pins that can be configured and controlled 
individually or as a group. Each pin may either be used for general-purpose I/O under direct application control or 
assigned to an embedded device peripheral. When used for general-purpose I/O, each pin can be configured as input 
or output, with highly configurable driver and pull settings. 


All I/O pins have true read-modify-write functionality when used for general-purpose I/O; the direction or the output 
value of one or more pins may be changed (set, reset or toggled) without unintentionally changing the state of any 
other pins in the same line bundle via a single, atomic 8-, 16- or 32-bit write. 

The PORT is connected to the high-speed bus matrix through an AHB/APB bridge. The Pin Direction, Data Output 


Value and Data Input Value registers may also be accessed using the low-latency CPU local bus (IOBUS; ARM® 
single-cycle I/O port). 


Features 
e Selectable input and output configuration individually for each pin 
e Software-controlled multiplexing of peripheral functions on I/O pins 
e Flexible pin configuration through a dedicated Pin Configuration register 
e Configurable output driver and pull settings: 
e Totem-pole (push-pull) 


e Pull configuration 
e Driver strength 
e Configurable input buffer and pull settings: 
e Internal pull-up or pull-down 
e Input sampling criteria 
e Input buffer can be disabled if not needed for lower power consumption 
e Read-modify-write support for pin configuration, output value and pin direction 
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22.3 Block Diagram 


Figure 22-1. PORT Block Diagram 
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22.4 Signal Description 


Signal Name DY =X-Ye4 ge d(oy a] 





Pxy Digital I/O General-purpose I/O pin y 





Refer to “I/O Multiplexing and Considerations” on page 13 for details on the pin mapping for this peripheral. One 
signal can be mapped on several pins. 


22.5 Product Dependencies 


In order to use this peripheral, other parts of the system must be configured correctly, as described below. 


22.5.1 I/O Lines 


The I/O lines of the PORT are mapped to pins of the physical device package according to a simple naming scheme. 
Each line bundle of up to 32 pins is assigned a letter identifier, starting with A, that monotonically increases through 
the alphabet for each subsequent line bundle. Within each line bundle, each pin is assigned a numerical identifier 
according to its bit position. 


The resulting PORT pins are mapped as Pxy, where x=A, B, C,... and y=00, 01, ..., 31 to uniquely identify each pin in 
the device, e.g., PA24, PCO3, etc. 


Each pin may have one or more peripheral multiplexer settings, which allow the pad to be routed internally to a 
dedicated peripheral function. When enabled, the selected peripheral is given control over the output state of the pad, 
as well as the ability to read the current physical pad state. Refer to “I/O Multiplexing and Considerations” on page 13 
for details. 


Device-specific configurations may result in some pins (and the corresponding Pxy pin) not being implemented. 
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22.5.2 


22.5.3 


22.5.4 


22.5.5 


22.5.6 


22.5.7 


22.5.8 


22.5.9 


Power Management 
During reset, all PORT lines are configured as inputs with input buffers, output buffers and pull disabled. 


If the PORT peripheral is shut down, the latches contained in the pad will retain their current configuration, such as the 
output value and pull settings. However, the PORT configuration registers and input synchronizers will lose their 
contents, and these will not be restored when PORT is powered up again. The user must, therefore, reconfigure the 
PORT peripheral at power up to ensure it is in a well-defined state before use. 


The PORT will continue to operate in any sleep mode where the selected module source clock is running. 


Clocks 


The PORT bus clock (CLK_PORT_APB) can be enabled and disabled in the Power Manager, and the default state of 
CLK_PORT_APB can be found in the Peripheral Clock Masking section in the “PIM — Power Manager” on page 110. 


The PORT is fed by two different clocks: a CPU main clock, which allows the CPU to access the PORT through the 
low-latency CPU local bus (IOBUS), and an APB clock, which is a divided clock of the CPU main clock and allows the 
CPU to access the PORT registers through the high-speed matrix and the AHB/APB bridge. 


IOBUS accesses have priority over APB accesses. The latter must insert wait states in the event of concurrent PORT 
accesses. 


The PORT input synchronizers use the CPU main clock so that the resynchronization delay is minimized with respect 
to the APB clock. 

DMA 

Not applicable. 


Interrupts 
Not applicable. 


Events 
Not applicable. 


Debug Operation 


When the CPU is halted in debug mode, the PORT continues normal operation. If the PORT is configured in a way 
that requires it to be periodically serviced by the CPU through interrupts or similar, improper operation or data loss 
may result during debugging. 


Register Access Protection 

All registers with write-access are optionally write-protected by the Peripheral Access Controller (PAC). 
Write-protection is denoted by the Write-Protected property in the register description. 

When the CPU is halted in debug mode, all write-protection is automatically disabled. 


Write-protection does not apply for accesses through an external debugger. Refer to “PAC — Peripheral Access 
Controller’ on page 30 for details. 


Analog Connections 


Analog functions are connected directly between the analog blocks and the I/O pads using analog buses. However, 
selecting an analog peripheral function for a given pin will disable the corresponding digital features of the pad. 


22.5.10 CPU Local Bus 


The CPU local bus (IOBUS) is an interface that connects the CPU directly to the PORT. It is a single-cycle bus 
interface, and does not support wait states. It supports byte, half word and word sizes. 
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The CPU accesses the PORT module through the IOBUS when it performs read or write from address 0x60000000. 
The PORT register map is equivalent to the one described in the register description section. 


This bus is generally used for low latency. The Data Direction (DIRn) and Data Output Value (OUTn) registers can be 
read, written, set, cleared or toggled using this bus, and the Data Input Value (INn) registers can be read. 


Since the IOBUS cannot wait for IN register resynchronization, the Control register (CTRLn) must be configured to 
enable continuous sampling of all pins that will need to be read via the IOBUS to prevent stale data from being read. 


22.6 Functional Description 


Figure 22-2. Overview of the PORT 
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22.6.1 Principle of Operation 


The I/O pins of the device are controlled by reads and writes of the PORT peripheral registers. For each port pin, a 
corresponding bit in the Data Direction (D!|Rn) and Data Output Value (OUTn) registers are used to enable that pin as 
an output and to define the output state. 

The direction of each pin in a port group is configured via the DIR register. If a bit in DIR is written to one, the 
corresponding pin is configured as an output pin. If a bit in DIR is written to zero, the corresponding pin is configured 
as an input pin. 

When the direction is set as output, the corresponding bit in the OUT register is used to set the level of the pin. If bit y 
of OUT is written to one, pin y is driven high. If bit y of OUT is written to zero, pin y is driven low. 

Additional pin configuration can be set by writing to the Pin Configuration (P!NCFGO) registers. 

The Data Input Value bit (INn) is used to read the port pin with resynchronization to the PORT clock. By default, these 
input synchronizers are clocked only when an input value read is requested in order to reduce power consumption. 
Input value can always be read, whether the pin is configured as input or output, except if digital input is disabled by 
writing a zero to the INEN bit in the Pin Configuration registers (PINCFGy). 
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The PORT also allows peripheral functions to be connected to individual I/O pins by writing a one to the 
corresponding PMUXEN bit in the PINCFGy registers and by writing the chosen selection to the Peripheral 
Multiplexing registers (PIMUX0) for that pin. This will override the connection between the PORT and that I/O pin, and 
connect the selected peripheral line bundle to the pad instead of the PORT line bundle. 


Each group of up to 32 pins is controlled by a set of registers, as described in Figure 22-3. This set of registers is 
duplicated for each group of pins, with increasing base addresses. 


Figure 22-3. Overview of the Peripheral Functions Multiplexing 
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22.6.2 Basic Operation 


22.6.2.1 Initialization 


After reset, all standard-function device I/O pins are connected to the PORT with outputs tri-stated and input buffers 
disabled, even if no clocks are running. Specific pins, such as the ones used for connection to a debugger, may be 
configured differently, as required by their special function. 


22.6.3 Basic Operation 


Each I/O pin y can be configured and accessed by reading or writing PORT registers. Because PORT registers are 
grouped into sets of registers for each group of up to 32 pins, the base address of the register set for pin y is at byte 
address PORT + (y / 32) * 0x80. (y%32) will be used as the index within that register set. 


To use pin y as an output, configure it as output by writing the (y%32) bit in the DIR register to one. To avoid disturbing 
the configuration of other pins in that group, this can also be done by writing the (y%32) bit in the DIRSET register to 
one. The desired output value can be set by writing the (y%32) bit to that value in register OUT. 


Similarly, writing an OUTSET bit to one will set the corresponding bit in the OUT register to one, while writing an 
OUTCLR bit to one will set it to zero, and writing an OUTTGL bit to one will toggle that bit in OUT. 


To use pin y as an input, configure it as input by writing the (y%32) bit in the DIR register to zero. To avoid disturbing 
the configuration of other pins in that group, this can also be done by writing the (y%32) bit in DIRCLR register to one. 
The desired input value can be read from the (y%32) bit in register IN as soon as the INEN bit in the Pin Configuration 
register (PINCFGy) is written to one. Refer to “I/O Multiplexing and Considerations” on page 13 for details on pin 
configuration. 
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By default, the input synchronizer is clocked only when an input read is requested, which will delay the read operation 
by two CLK_PORT cycles. To remove that delay, the input synchronizers for each group of eight pins can be 
configured to be always active, but this comes at the expense of higher power consumption. This is controlled by 
writing a one to the corresponding SAMPLINGn bit group of the CTRL register, where n = (y%32) / 8. 


To use pin y as one of the available peripheral functions for that pin, configure it by writing a one to the corresponding 
PMUXEN bit of the PINCFGy register. The PINCFGy register for pin y is at byte offset (PINCFGO + (y%32)). 


The peripheral function can be selected by writing to the PMUXO or PMUXE bit group in the PMUXn register. The 
PMUXO/PMUXE bit group is at byte offset (PMUX0 + (y%32) / 2), in bits 3:0 if y is even and in bits 7:4 if y is odd. 


The chosen peripheral must also be configured and enabled. 


22.6.4 1/O Pin Configuration 


The Pin Configuration register (PINCFGy) is used for additional I/O pin configuration. A pin can be set in a totem-pole, 
open-drain or pull configuration. 


Because pull configuration is done through the Pin Configuration register, all intermediate PORT states during 
switching of pin direction and pin values are avoided. 


The I/O pin configurations are described further in this chapter, and summarized in Table 22-1. 


22.6.4.1 Pin Configurations Summary 


Table 22-1. Pin Configurations Summary 























DIR INEN PULLEN oltay Configuration 

0 0 0 x Reset or analog |/O; all digital disabled 
0 0 1 0 Pull-down; input disabled 

0 0 1 1 Pull-up; input disabled 

0 4 0 X | Input 

0 1 1 0 Input with pull-down 

0 1 1 1 Input with pull-up 

1 0 x x Output; input disabled 

1 1 Xx Xx Output; input enabled 























22.6.4.2 Input Configuration 


Figure 22-4. I/O Configuration - Standard Input 


PULLEN INEN' DIR 
0 1 0 





Atmel | SMART SAM D11 [DATASHEET 383 
Atmel | 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





Figure 22-5. I/O Configuration - Input with Pull 










PULLEN INEN' DIR 
1 1 0 


Note that when pull is enabled, the pull value is defined by the OUTx value. 
22.6.4.3 Totem-Pole Output 


When configured for totem-pole (push-pull) output, the pin is driven low or high according to the corresponding bit 
setting in the OUT register. In this configuration, there is no current limitation for sink or source other than what the pin 
is capable of. If the pin is configured for input, the pin will float if no external pull is connected. Note, that enabling the 
output driver automatically disables pull. 


Figure 22-6. I/O Configuration - Totem-Pole Output with Disabled Input 
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Figure 22-8. I/O Configuration - Output with Pull 





PULLEN INEN' DIR 
1 0 0 


22.6.4.4 Digital Functionality Disabled 


Figure 22-9. I/O Configuration - Reset or Analog I/O: Digital Output, Input and Pull Disabled 
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22.7 Register Summary 


The I/O pins are organized in groups with up to 32 pins. Group 0 consists of the PA pins, group 1 the PB pins, etc. Each 
group has its own set of registers. For example, the register address offset for the Data Direction (DIR) register for group 
0 (PAOO to PA31) is 0x00, while the register address offset for the DIR register for group 1 (PBOO to PB31) is 0x80. 


Table 22-2. Register Summary 



















































































































































































Bit 
Offset Name Pos. 
Mode GROUP 
0x00 7:0 DIR[7:0] 
0x01 15:8 DIR[15:8] 
——__. DIR 
0x02 23:16 DIR[23:16] 
0x03 31:24 DIR[31:24] 
0x04 7:0 DIRCLR[7:0] 
0x05 15:8 DIRCLR[15:8] 
|______] DIRCLR 
0x06 23:16 DIRCLR[23:16] 
0x07 31:24 DIRCLR[31:24] 
0x08 7:0 DIRSET[7:0] 
0x09 15:8 DIRSET[15:8] 
DIRSET 
Ox0A 23:16 DIRSET[23:16] 
0x0B 31:24 DIRSET[31:24] 
O0x0C 7:0 DIRTGL[7:0] 
0x0D 15:8 DIRTGL[15:8] 
|__| DIRTGL 
Ox0E 23:16 DIRTGL[23:16] 
Ox0OF 31:24 DIRTGL[31:24] 
0x10 7:0 OUT[7:0] 
0x11 15:8 OUT[15:8] 
OUT 
0x12 23:16 OUT[23:16] 
0x13 31:24 OUT[31:24] 
0x14 7:0 OUTCLRI7:0] 
0x15 15:8 OUTCLR[15:8] 
OUTCLR 
0x16 23:16 OUTCLR[23:16] 
0x17 31:24 OUTCLR[31:24] 
0x18 7:0 OUTSET[7:0] 
0x19 15:8 OUTSET[15:8] 
OUTSET 
Ox1A 23:16 OUTSET[23:16] 
0x1B 31:24 OUTSET[31:24] 
0x1C 7:0 OUTTGLI7:0] 
0x1D 15:8 OUTTGL[15:8] 
OUTTGL 
Ox1E 23:16 OUTTGL[23:16] 
Ox1F 31:24 OUTTGL[31:24] 
0x20 7:0 IN[7:0] 
0x21 rr 15:8 IN[15:8] 
0x22 23:16 IN[23:16] 
0x23 31:24 IN[31:24] 
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0x24 7:0 SAMPLING[7:0] 
0x25 15:8 SAMPLING[15:8] 
CTRL 
0x26 23:16 SAMPLING[23:16] 
0x27 31:24 SAMPLING[31:24] 
0x28 7:0 PINMASK[7:0] 
0x29 15:8 PINMASK[15:8] 
WRCONFIG 
Ox2A 23:16 DRVSTR PULLEN INEN PMUXEN 
0x2B 31:24 HWSEL WRPINCFG WRPMUX PMUX[3:0] 
0x2C 
3 Reserved 
Ox2F 
0x30 PMUX0 7:0 PMUXOJ[3:0] PMUXE[3:0] 
0x31 PMUX1 7:0 PMUXOJ[3:0] PMUXE[3:0] 
Ox3F PMUX15 7:0 PMUXOJ[3:0] PMUXE[3:0] 
0x40 PINCFGO 7:0 DRVSTR PULLEN INEN PMUXEN 
0x41 PINCFG1 7:0 DRVSTR PULLEN INEN PMUXEN 
Ox5F PINCFG31 7:0 DRVSTR PULLEN INEN PMUXEN 
0x60 
ne Reserved 
Ox7F 
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22.8 Register Description 


Registers can be 8, 16 or 32 bits wide. Atomic 8-, 16- and 32-bit accesses are supported. In addition, the 8-bit quarters 
and 16-bit halves of a 32-bit register and the 8-bit halves of a 16-bit register can be accessed directly. 

Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Write-protection is denoted by 
the Write-Protected property in each individual register description. Refer to “Register Access Protection” on page 380 
for details. 
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22.8.1 Data Direction 
Name: DIRn 
Offset: 0x00+n*0x80 [n=0..0] 
Reset: 0x00000000 


Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:0 — DIR[31:0]: Port Data Direction 
These bits set the data direction for the individual I/O pins in the PORT group. 


0: The corresponding I/O pin in the group is configured as an input. 
1: The corresponding I/O pin in the group is configured as an output. 
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22.8.2 Data Direction Clear 
Name: DIRCLRn 
Offset: 0x04+n*0x80 [n=0..0] 
Reset: 0x00000000 


Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to set one or more I/O pins as an input, without doing a read-modify-write operation. 
Changes in this register will also be reflected in the Data Direction (DIR), Data Direction Toggle (DIRTGL) and Data 
Direction Set (DIRSET) registers. 


e Bits 31:0 - DIRCLR[31:0]: Port Data Direction Clear 
0: The I/O pin direction is cleared. 


1: The I/O pin direction is set. 
Writing a zero to a bit has no effect. 
Writing a one to a bit will clear the corresponding bit in the DIR register, which configures the I/O pin as an input. 
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22.8.3 Data Direction Set 
Name: DIRSETn 
Offset: 0x08+n*0x80 [n=0..0] 
Reset: 0x00000000 


Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to set one or more I/O pins as an output, without doing a read-modify-write operation. 
Changes in this register will also be reflected in the Data Direction (DIR), Data Direction Toggle (DIRTGL) and Data 
Direction Clear (DIRCLR) registers. 


e Bits 31:0 - DIRSET[31:0]: Port Data Direction Set 
0: The I/O pin direction is cleared. 


1: The I/O pin direction is set. 
Writing a zero to a bit has no effect. 
Writing a one to a bit will set the corresponding bit in the DIR register, which configures the I/O pin as an output. 
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22.8.4 Data Direction Toggle 
Name: DIRTGLn 
Offset: 0x0C+n*0x80 [n=0..0] 
Reset: 0x00000000 


Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to toggle the direction of one or more I/O pins, without doing a read-modify-write operation. 
Changes in this register will also be reflected in the Data Direction (DIR), Data Direction Set (DIRSET) and Data Direction 
Clear (DIRCLR) registers. 


e = Bits 31:0 - DIRTGL[31:0]: Port Data Direction Toggle 
0: The I/O pin direction is cleared. 


1: The I/O pin direction is set. 

Writing a zero to a bit has no effect. 

Writing a one to a bit will toggle the corresponding bit in the DIR register, which reverses the direction of the I/O 
pin. 
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22.8.5 Data Output Value 
Name: OUTn 
Offset: 0x10+n*0x80 [n=0..0] 
Reset: 0x00000000 


Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register sets the data output drive value for the individual I/O pins in the PORT. 


e = Bits 31:0 — OUT[31:0]: Port Data Output Value 
These bits set the logical output drive level of I/O pins configured as outputs via the Data Direction register (DIR). 
For pins configured as inputs via the Data Direction register (DIR) with pull enabled via the Pull Enable register 
(PULLEN), these bits will set the input pull direction. 
0: The I/O pin output is driven low, or the input is connected to an internal pull-down. 
1: The I/O pin output is driven high, or the input is connected to an internal pull-up. 
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22.8.6 Data Output Value Clear 
Name: OUTCLRn 
Offset: 0x14+n*0x80 [n=0..0] 
Reset: 0x00000000 


Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to set one or more output I/O pin drive levels low, without doing a read-modify-write 
operation. Changes in this register will also be reflected in the Data Output Value (OUT), Data Output Value Toggle 
(OUTTGL) and Data Output Value Set (OUTSET) registers. 


e Bits 31:0 - OUTCLR[31:0]: Port Data Output Value Clear 
0: The I/O pin output is driven low. 
1: The I/O pin output is driven high. 
Writing a zero to a bit has no effect. 
Writing a one to a bit will clear the corresponding bit in the OUT register, which sets the output drive level low for 
I/O pins configured as outputs via the Data Direction register (DIR). For pins configured as inputs via the Data 
Direction register (DIR) and with pull enabled via the Pull Enable register (PULLEN), these bits will set the input 
pull direction to an internal pull-down. 
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22.8.7 Data Output Value Set 
Name: OUTSETn 
Offset: 0x18+n*0x80 [n=0..0] 
Reset: 0x00000000 


Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to set one or more output I/O pin drive levels high, without doing a read-modify-write 
operation. Changes in this register will also be reflected in the Data Output Value (OUT), Data Output Value Toggle 
(OUTTGL) and Data Output Value Clear (OUTCLR) registers. 


e Bits 31:0 - OUTSET[31:0]: Port Data Output Value Set 
0: The I/O pin output is driven low. 
1: The I/O pin output is driven high. 
Writing a zero to a bit has no effect. 
Writing a one to a bit will set the corresponding bit in the OUT register, which sets the output drive level high for I/O 
pins configured as outputs via the Data Direction register (DIR). For pins configured as inputs via the Data Direc- 
tion register (DIR) and with pull enabled via the Pull Enable register (PULLEN), these bits will set the input pull 
direction to an internal pull-up. 
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22.8.8 Data Output Value Toggle 
Name: OUTTGLn 
Offset: 0x1C+n*0x80 [n=0..0] 
Reset: 0x00000000 


Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to toggle the drive level of one or more output I/O pins, without doing a read-modify-write 
operation. Changes in this register will also be reflected in the Data Output Value (OUT), Data Output Value Set 
(OUTSET) and Data Output Value Clear (OUTCLR) registers. 


e = Bits 31:0 - OUTTGL[31:0]: Port Data Output Value Toggle 
0: The I/O pin output is driven low. 
1: The I/O pin output is driven high. 
Writing a zero to a bit has no effect. 
Writing a one to a bit will toggle the corresponding bit in the OUT register, which inverts the output drive level for 
I/O pins configured as outputs via the Data Direction register (DIR). For pins configured as inputs via the Data 
Direction register (DIR) and with pull enabled via the Pull Enable register (PULLEN), these bits will toggle the input 
pull direction. 
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22.8.9 Data Input Value 
Name: INn 
Offset: 0x20+n*0x80 [n=0..0] 
Reset: 0x00000000 
Access: Read-Only 


Property: - 
Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R R R R R R R R 
Reset 


e Bits 31:0 — IN[31:0]: Port Data Input Value 
These bits are cleared when the corresponding I/O pin input sampler detects a logical low level on the input pin. 


These bits are set when the corresponding I/O pin input sampler detects a logical high level on the input pin. 
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22.8.10 Control 
Name: CTRLn 
Offset: 0x24+n*0x80 [n=0..0] 
Reset: 0x00000000 


Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access Ww Ww Ww Ww Ww Ww Ww Ww 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access Ww Ww WwW WwW Ww Ww Ww Ww 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access Ww Ww Ww Ww WwW Ww Ww Ww 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access Ww Ww WwW WwW WwW Ww Ww Ww 
Reset 0 0 0 0 0 0 0 0 


ee - Bits 31:0 - SAMPLING[31:0]: Input Sampling Mode 
Configures the input sampling functionality of the I/O pin input samplers for pins configured as inputs via the Data 
Direction register (DIR). 


0: The I/O pin input synchronizer is disabled. 
1: The I/O pin input synchronizer is enabled. 


The input samplers are enabled and disabled in sub-groups of eight. Thus, if any pins within a byte request contin- 
uous sampling, all pins in that eight pin sub-group will be continuously sampled. 
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22.8.11 Write Configuration 
Name: WRCONMFIGn 
Offset: 0x28+n*0x80 [n=0..0] 
Reset: 0x00000000 
Access: Write-Only 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
[iva Tommes TP wew [awe 

Access Ww Ww R Ww Ww Ww Ww Ww 

Reset 0 0 0 0 0 0 0 0 

Bit 23 22 21 20 19 18 17 16 
De i eT 

Access R Ww R R R Ww Ww Ww 

Reset 0 0 0 0 0 0 0 

Bit 15 14 13 12 11 10 9 8 

Access Ww Ww Ww WwW WwW WwW WwW WwW 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 

Access Ww Ww WwW Ww WwW Ww Ww Ww 

Reset 0 0 0 0 0 0 0 0 


This write-only register is used to configure several pins simultaneously with the same configuration and/or peripheral 
multiplexing. 


In order to avoid the side effect of non-atomic access, 8-bit or 16-bit writes to this register will have no effect. Reading this 
register always returns zero. 


Atmel 


Bit 31 - HWSEL: Half-Word Select 
This bit selects the half-word field of a 32-pin group to be reconfigured in the atomic write operation. 


0: The lower 16 pins of the PORT group will be configured. 
1: The upper 16 pins of the PORT group will be configured. 
This bit will always read as zero. 


Bit 30 - WRPINCFG: Write PINCFG 
This bit determines whether the atomic write operation will update the Pin Configuration register (PINCFGy) or not 
for all pins selected by the WRCONFIG.PINMASK and WRCONFIG.HWSEL bits. 


0: The PINCFGy registers of the selected pins will not be updated. 
1: The PINCFGy registers of the selected pins will be updated. 
Writing a zero to this bit has no effect. 
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Writing a one to this bit updates the configuration of the selected pins with the written WRCONFIG.DRVSTR, 
WRCONMFIG.SLEWLIM, WRCONFIG.ODRAIN, WRCONFIG.PULLEN, WRCOMNFIG.INEN, WRCONFIG.PMUXEN 
and WRCOMFIG.PINMASK values. 


This bit will always read as zero. 


Bit 29 — Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bit 28 - WRPMUX: Write PMUX 

This bit determines whether the atomic write operation will update the Peripheral Multiplexing register (PMUXn) or 
not for all pins selected by the WRCONFIG.PINMASK and WRCONFIG.HWSEL bits. 

0: The PMUXn registers of the selected pins will not be updated. 

1: The PMUXn registers of the selected pins will be updated. 

Writing a zero to this bit has no effect. 

Writing a one to this bit updates the pin multiplexer configuration of the selected pins with the written WRCON- 
FIG.PMUX value. 

This bit will always read as zero. 


Bits 27:24 — PMUX[3:0]: Peripheral Multiplexing 
These bits determine the new value written to the Peripheral Multiplexing register (PMUXn) for all pins selected by 
the WRCONFIG.PINMASK and WRCONFIG.HWSEL bits, when the WRCONFIG.WRPMUxX bit is set. 


These bits will always read as zero. 


Bit 23 — Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bit 22 - DRVSTR: Output Driver Strength Selection 
This bit determines the new value written to PINCFGy.DRVSTR for all pins selected by the WRCONFIG.PINMASK 
and WRCOMFIG.HWSEL bits the WRCONFIG.WRPINCFG bit is set. 


This bit will always read as zero. 


Bits 21:19 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bit 18 - PULLEN: Pull Enable 
This bit determines the new value written to PINCFGy.PULLEN for all pins selected by the WRCONFIG.PINMASK 
and WRCONFIG.HWSEL bits when the WRCONFIG.WRPINCFG bit is set. 


This bit will always read as zero. 


Bit 17 — INEN: Input Enable 
This bit determines the new value written to PINCFGy.INEN for all pins selected by the WRCONFIG.PINMASK 
and WRCONFIG.HWSEL bits when the WRCONFIG.WRPINCFG bit is set. 


This bit will always read as zero. 


Bit 16 - PMUXEN: Peripheral Multiplexer Enable 
This bit determines the new value written to PINCFGy.PMUXEN for all pins selected by the WRCONFIG.PIN- 
MASK and WRCONFIG.HWSEL bits when the WRCONFIG.WRPINCFG bit is set. 


This bit will always read as zero. 

Bits 15:0 - PINMASK[15:0]: Pin Mask for Multiple Pin Configuration 

These bits select the pins to be configured within the half-word group selected by the WRCONFIG.HWSEL bit. 
0: The configuration of the corresponding I/O pin in the half-word group will be left unchanged. 
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1: The configuration of the corresponding I/O pin in the half-word pin group will be updated. 
These bits will always read as zero. 
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22.8.12 Peripheral Multiplexing n 


Name: PMUXnm 
Offset: 0x30+n*0x80 [n=0..0]+m*0x1 [m=0..15] 
Reset: 0x00 


Access: Read-Write 
Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


There are up to 16 Peripheral Multiplexing registers in each group, one for every set of two subsequent I/O lines. The n 
denotes the number of the set of I/O lines, while the x denotes the number of the group. 


e Bits 7:4 - PMUXO[3:0]: Peripheral Multiplexing Odd 
These bits select the peripheral function for odd-numbered pins (2*n + 1) of a PORT group, if the corresponding 
PINCFGy.PMUXEN bit is one. 


Not all possible values for this selection may be valid. For more details, refer to “I/O Multiplexing and Consider- 
ations” on page 13. 


Table 22-3. Peripheral Multiplexing Odd 


























PMUXO[3:0] Name Description 
0x0 A Peripheral function A selected 
Ox1 B Peripheral function B selected 
Ox2 C Peripheral function C selected 
0x3 D Peripheral function D selected 
0x4 E Peripheral function E selected 
Ox5 F Peripheral function F selected 
Ox6 G Peripheral function G selected 
Ox7 H Peripheral function H selected 
Ox8-Oxf Reserved 

















e Bits 3:0 - PMUXE[3:0]: Peripheral Multiplexing Even 
These bits select the peripheral function for even-numbered pins (2*n) of a PORT group, if the corresponding 
PINCFGy.PMUXEN bit is one. 
Not all possible values for this selection may be valid. For more details, refer to “I/O Multiplexing and Consider- 
ations” on page 13. 
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Table 22-4. Peripheral Multiplexing Even 












































PMUXE[3:0] Name Description 
0x0 A Peripheral function A selected 
Ox1 B Peripheral function B selected 
0x2 C Peripheral function C selected 
0x3 D Peripheral function D selected 
0x4 E Peripheral function E selected 
Ox5 F Peripheral function F selected 
Ox6 G Peripheral function G selected 
Ox7 H Peripheral function H selected 
Ox8-Oxf Reserved 
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22.8.13 Pin Configuration n 


Name: PINCFGnm 
Offset: 0x40+n*0x80 [n=0..0]+m*0x1 [m=0..31] 
Reset: 0x00 


Access: Read-Write 
Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 

ee TT ee 
Access R Ww R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


There are up to 32 Pin Configuration registers in each group, one for each I/O line. The n denotes the number of the I/O 
line, while the x denotes the number of the Port group. 


e Bit 7 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


e Bit 6 - DRVSTR: Output Driver Strength Selection 
This bit controls the output driver strength of an I/O pin configured as an output. 


0: Pin drive strength is set to normal drive strength. 
1: Pin drive strength is set to stronger drive strength. 


e Bits 5:3 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 2- PULLEN: Pull Enable 
This bit enables the internal pull-up or pull-down resistor of an I/O pin configured as an input. 


0: Internal pull resistor is disabled, and the input is in a high-impedance configuration. 
1: Internal pull resistor is enabled, and the input is driven to a defined logic level in the absence of external input. 


e Bit 1 -— INEN: Input Enable 
This bit controls the input buffer of an I/O pin configured as either an input or output. 
0: Input buffer for the I/O pin is disabled, and the input value will not be sampled. 
1: Input buffer for the I/O pin is enabled, and the input value will be sampled when required. 
Writing a zero to this bit disables the input buffer completely, preventing read-back of the physical pin state when 
the pin is configured as either an input or output. 


e Bit 0 - PMUXEN: Peripheral Multiplexer Enable 
This bit enables or disables the peripheral multiplexer selection set in the Peripheral Multiplexing register (PMUXn) 
to enable or disable alternative peripheral control over an I/O pin direction and output drive value. 
0: The peripheral multiplexer selection is disabled, and the PORT registers control the direction and output drive 
value. 
1: The peripheral multiplexer selection is enabled, and the selected peripheral controls the direction and output 
drive value. 
Writing a zero to this bit allows the PORT to control the pad direction via the Data Direction register (DIR) and out- 
put drive value via the Data Output Value register (OUT). The peripheral multiplexer value in PMUXn is ignored. 
Writing a one to this bit enables the peripheral selection in PMUXn to control the pad. In this configuration, the 
physical pin state may still be read from the Data Input Value register (IN) if PINCFGy.INEN is set. 
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23. EVSYS — Event System 


23.1 Overview 
The Event System (EVSYS) allows autonomous, low-latency and configurable communication between peripherals. 


Several peripherals can be configured to emit and/or respond to signals known as events. The exact condition to 
generate an event, or the action taken upon receiving an event, is specific to each module. Peripherals that respond 
to events are called event users. Peripherals that emit events are called event generators. A peripheral can have one 
or more event generators and can have one or more event users. 


Communication is made without CPU intervention and without consuming system resources such as bus or RAM 
bandwidth. This reduces the load on the CPU and other system resources, compared to a traditional interrupt-based 
system. 


23.2 Features 
e System for direct peripheral-to-peripheral communication and signaling 


e 6configurable event channels, where each channel can: 
e Beconnected to any event generator 
e Provide a pure asynchronous, resynchronized or synchronous path 


18 event generators 

44 event users 

Configurable edge detector 

Peripherals can be event generators, event users or both 
SleepWalking and interrupt for operation in low-power modes 
Software event generation 


Each event user can choose which event channel to listen to 
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23.3 


23.4 


23.5 


23.5.1 


23.5.2 


Block Diagram 


Figure 23-1. Event System Block Diagram 
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Signal Description 
Not applicable. 


Product Dependencies 


In order to use this peripheral, other parts of the system must be configured correctly, as described below. 


/O Lines 
Not applicable. 


Power Management 


The EVSYS can be used to wake up the CPU from all sleep modes, even if the clock used by the EVSYS channel and 
the EVSYS bus clock are disabled. Refer to “PIM — Power Manager” on page 110 for details on the different sleep 
modes. 


In all sleep modes where the clock for the EVSYS is stopped, the device can wake up the EVSYS clock. 


Some event generators can generate an event when the system clock is stopped. The generic clock 
(GCLK_EVSYS_CHANNEL,) for this channel will be restarted if the channel uses a synchronized path or a 
resynchronized path, without waking the system from sleep. The clock remains active only as long as necessary to 
handle the event. After the event has been handled, the clock will be turned off and the system will remain in the 
original sleep mode. This is known as SleepWalking. When an asynchronous path is used, there is no need for the 
clock to be activated for the event to be propagated to the user. 


On a software reset, all registers are set to their reset values and any ongoing events are canceled. 
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23.5.3 Clocks 


The EVSYS bus clock (CLK_EVSYS_APB) can be enabled and disabled in the Power Manager, and the default state 
of CLK_EVSYS_APB can be found in the Peripheral Clock Masking section in “PIM — Power Manager” on page 110. 


Each EVSYS channel has a dedicated generic clock (GCLK_EVSYS_CHANNELx). These are used for detection and 
propagation of events for each channel. These clocks must be configured and enabled in the generic clock controller 
before using the EVSYS. Refer to “Enabling a Generic Clock” on page 93 for details. 


23.5.4 DMA 
Not applicable. 


23.5.5 Interrupts 


The interrupt request line is connected to the interrupt controller. Using the EVSYS interrupts requires the interrupt 
controller to be configured first. Refer to “Nested Vector Interrupt Controller” on page 26 for details. 


23.5.6 Events 
Not applicable. 


23.5.7 Debug Operation 


When the CPU is halted in debug mode, the EVSYS continues normal operation. If the EVSYS is configured in a way 
that requires it to be periodically serviced by the CPU through interrupts or similar, improper operation or data loss 
may result during debugging. 


23.5.8 Register Access Protection 


All registers with write-access are optionally write-protected by the Peripheral Access Controller (PAC), except the 
following register: 


e Interrupt Flag Status and Clear register (INTFLAG) 
Write-protection is denoted by the Write-Protected property in the register description. 


Write-protection does not apply for accesses through an external debugger. Refer to “PAC — Peripheral Access 
Controller” on page 30 for details. 


23.5.9 Analog Connections 
Not applicable. 


23.6 Functional Description 


23.6.1 Principle of Operation 


The EVSYS allows for communication between peripherals via events. Peripherals that respond to events (event 
users) are connected to multiplexers which have all event channels as input. Each each event channel can be 
configured to route signals from any peripheral emitting events (event generator) to one or more event users. 


23.6.2 Basic Operation 


23.6.2.1 Initialization 


The peripheral that is to act as event generator must be configured to be able to generate events. The peripheral to 
act as event user must be configured to handle incoming events. 
When this has been done, the event system is ready to be configured. The configuration must follow this order: 
1. Configure the event user by performing a single 16-bit write to the User Multiplexer register (USER) with: 
1.1. The channel to be connected to a user is written to the Channel bit group (USER.CHANNEL) 
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1.2. The user to connect the channel is written to the User bit group (USER.USER) 

2. Configure the channel by performing a single 32-bit write to the Channel (CHANNEL) register with: 
2.1. The channel to be configured is written to the Channel Selection bit group (CHANNEL.CHANNEL) 
2.2. The path to be used is written to the Path Selection bit group (CHANNEL.PATH) 


2.3. The type of edge detection to use on the channel is written to the Edge Selection bit group 
(CHANNEL.EDGSEL) 


2.4. The event generator to be used is written to the Event Generator bit group (CHANNEL.EVGEN) 
23.6.2.2 Enabling, Disabling and Resetting 
The EVSYS is always enabled. 


The EVSYS is reset by writing a one to the Software Reset bit in the Control register (CTRL.SWRST). All registers in 
the EVSYS will be reset to their initial state and any ongoing events will be canceled. Refer to the CTRL register for 
details. 


23.6.2.3 User Multiplexer Setup 


Each user multiplexer is dedicated to one event user. A user multiplexer receives all event channel outputs and must 
be configured to select one of these channels. The user must always be configured before the channel is configured. 
A full list of selectable users can be found in the User Multiplexer register (USER) description. Refer to Table 23-6 for 
details. 


To configure a user multiplexer, the USER register must be written in a single 16-bit write. 


It is possible to read out the configuration of a user by first selecting the user by writing to USER.USER using an 8-bit 
write and then performing a read of the 16-bit USER register. 


Figure 23-2. User MUX 
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23.6.2.4 Channel Setup 


The channel to be used with an event user must be configured with an event generator. The path of the channel 
should be configured, and when using a synchronous path or resynchronized path, the edge selection should be 
configured. All these configurations are available in the Channel register (CHANNEL). 


To configure a channel, the Channel register must be written in a single 32-bit write. 


It is possible to read out the configuration of a channel by first selecting the channel by writing to 
CHANNEL.CHANNEL using a, 8-bit write, and then performing a read of the CHANNEL register. 


Event Generators 


The event generator is selected by writing to the Event Generator bit group in the Channel register 
(CHANNEL.EVGEN). 


A full list of selectable generators can be found in the CHANNEL register description. Refer to Table 23-4 for details. 
The channels are not connected to any of the event generators (CHANNEL.EVGEN = 0x00) by default. 
23.6.2.5 Channel Path 


There are three different ways to propagate the event provided by an event generator: 
e Asynchronous path 
e Synchronous path 
e  Resynchronized path 


Figure 23-3. Channel 
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The path is selected by writing to the Path Selection bit group in the Channel register (CHANNEL.PATH). 


Asynchronous Path 


When using the asynchronous path, the events are propagated from the event generator to the event user with no 
intervention from the event system. This means that if the GCLK_EVSYS_CHANNEL<x for the channel used is 
inactive, the event will still be propagated to the user. 
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Events propagated in the asynchronous path cannot generate any interrupts, and no channel status bits will indicate 
the state of the channel. No edge detection is available; this must be handled in the event user. 


When the event generator and the event user share the same generic clock, using the asynchronous path will 
propagate the event with the least amount of latency. 


Synchronous Path 


The synchronous path should be used when the event generator and the event channel share the same generic clock. 
If they do not share the same clock, a logic change from the event generator to the event channel might not be 
detected in the channel, which means that the event will not be propagated to the event user. 


When using the synchronous path, the channel is capable of generating interrupts. The channel status bits in the 
Channel Status register (CHSTATUS) are also updated and available for use. 


If the Generic Clocks Request bit in the Control register (CTRL.GCLKREQ) is zero, the channel operates in 
SleepWalking mode and request the configured generic clock only when an event is to be propagated through the 
channel. If CTRL.GCLKREQ is one, the generic clock will always be on for the configured channel. 


Resynchronized Path 


The resynchronized path should be used when the event generator and the event channel do not share the same 
clock. When the resynchronized path is used, resynchronization of the event from the event generator is done in the 
channel. 


When the resynchronized path is used, the channel is capable of generating interrupts. The channel status bits in the 
Channel Status register (CHSTATUS) are also updated and available for use. 


If the Generic Clocks Request bit in the Control register (CTRL.GCLKREQ) is zero, the channel operates in 
SleepWalking mode and request the configured generic clock only when an event is to be propagated through the 
channel. If CTRL.GCLKREQ is one, the generic clock will always be on for the configured channel. 


23.6.2.6 Edge Detection 


When synchronous or resynchronized paths are used, edge detection must be used. The event system can perform 
edge detection in three different ways: 


e Generate an event only on the rising edge 
e Generate an event only on the falling edge 
e Generate an event on rising and falling edges. 
Edge detection is selected by writing to the Edge Selection bit group in the Channel register (CHANNEL.EDGSEL). 


If the generator event is a pulse, both edges cannot be selected. Use the rising edge or falling edge detection 
methods, depending on the generator event default level. 


23.6.2.7 Channel Status 


The Channel Status register (CHSTATUS) contains the status of the channels when a synchronous or resynchronized 
path is in use. There are two different status bits in CHSTATUS for each of the available channels: The Channel Busy 
bit (CHSTATUS.CHBUSYx) is set to one if an event on the corresponding channel x has not been handled by all 
event users connected to that channel. 


The CHSTATUS.USRRDY*x bit is set to one if all event users connected to the corresponding channel x are ready to 
handle incoming events on that channel. 


23.6.2.8 Software Event 


A software event can be initiated on a channel by writing a one to the Software Event bit in the Channel register 
(CHANNEL.SWEVT) at the same time as writing the Channel bits (CHANNEL.CHANNEL). This will generate a 
software event on the selected channel. 


The software event can be used for application debugging, and functions like any event generator. To use the 
software event, the event path must be configured to either a synchronous path or resynchronized path 


Atmel | SMART SAM D11 [DATASHEET 410 
Atmel | 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





(CHANNEL.PATH = 0x0 or 0x1), edge detection must be configured to rising-edge detection (CHANNEL.EDGSEL= 
0x1) and the Generic Clock Request bit must be set to one (CTRL.GCLKREQ=0x1). 


23.6.3 Interrupts 


The EVSYS has the following interrupt sources: 

e Overrun Channel x interrupt (INTFLAG) 

e Event Detected Channel x interrupt (INTFLAG) 
Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status and Clear 
register (INTFLAG) is set when the interrupt condition occurs. Each interrupt can be individually enabled by writing a 
one to the corresponding bit in the Interrupt Enable Set register (INTENSET), and disabled by writing a one to the 
corresponding bit in the Interrupt Enable Clear register (|NTENCLR). An interrupt request is generated when the 
interrupt flag is set and the corresponding interrupt is enabled. The interrupt request remains active until the interrupt 
flag is cleared, the interrupt is disabled or the EVSYS is reset. 


See the INTFLAG register for details on how to clear interrupt flags. The EVSYS has one common interrupt request 
line for all the interrupt sources. The user must read the INTFLAG register to determine which interrupt condition is 
present. 


Note that interrupts must be globally enabled for interrupt requests to be generated. 


Refer to “Nested Vector Interrupt Controller’ on page 26 for details. 


23.6.3.1 The Overrun Channel x Interrupt 


The Overrun Channel x interrupt flag in the Interrupt Flag Status and Clear register (INTFLAG.OVRx) is set and the 
optional interrupt is generated in the following two cases: 


e Atleast one of the event users on channel x is not ready when a new event occurs 
e  Anevent occurs when the previous event on channel x has not yet been handled by all event users 


INTFLAG.OVRx will be set when using a synchronous or resynchronized path, but not when using an asynchronous 
path. 


23.6.3.2 The Event Detected Channel x Interrupt 


The Event Detected Channel x interrupt flag in the Interrupt Flag Status and Clear register (INTFLAG.EVDx) is set 
when an event coming from the event generator configured on channel x is detected. 


INTFLAG.EVDx will be set when using a synchronous and resynchronized path, but not when using an asynchronous 
path. 


23.6.4 Sleep Mode Operation 


The EVSYS can generate interrupts to wake up the device from any sleep mode. 
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23.7 Register Summary 


Table 23-1. Register Summary 


















































































































































Bit 
Offset Name Pos. 
0x00 CTRL 7:0 GCLKREQ SWRST 
0x01 
a Reserved 
0x03 
0x04 7:0 CHANNEL[2:0] 
0x05 15:8 SWEVT 
CHANNEL 
0x06 23:16 EVGENJ[5:0] 
0x07 31:24 EDGSEL[1:0] PATH[1:0] 
0x08 7:0 USER[4:0] 
USER 
0x09 15:8 CHANNELJ3:0] 
Ox0A Reserved 
0x0B Reserved 
0x0C 7:0 USRRDY5 USRRDY4 USRRDY3 USRRDY2 USRRDY1 USRRDYO 
0x0D 15:8 CHBUSY5 CHBUSY4 CHBUSY3 CHBUSY2 CHBUSY1 CHBUSYO 
I, CHSTATUS 
Ox0E 23:16 
Ox0F 31:24 
0x10 7:0 OVR5 OVR4 OVR3 OVR2 OVR1 OVRO 
0x11 15:8 EVD5 EVD4 EVD3 EVD2 EVD1 EVDO 
I; INTENCLR 
0x12 23:16 
0x13 31:24 
0x14 7:0 OVR5 OVR4 OVR3 OVR2 OVR1 OVRO 
0x15 15:8 EVD5 EVD4 EVD3 EVD2 EVD1 EVDO 
}—| INTENSET 
0x16 23:16 
0x17 31:24 
0x18 7:0 OVR5 OVR4 OVR3 OVR2 OVR1 OVRO 
0x19 15:8 EVD5 EVD4 EVD3 EVD2 EVD1 EVDO 
}—_| INTFLAG 
Ox1A 23:16 
0x1B 31:24 
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23.8 Register Description 
Registers can be 8, 16 or 32 bits wide. Atomic 8-, 16- and 32-bit accesses are supported. In addition, the 8-bit quarters 
and 16-bit halves of a 32-bit register and the 8-bit halves of a 16-bit register can be accessed directly. 


Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Write-protection is denoted by 
the Write-Protected property in each individual register description. Refer to “Register Access Protection” on page 407 
and “PAC — Peripheral Access Controller’ on page 30 for details. 
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23.8.1 Control 


Name: CTRL 
Offset: 0x00 
Reset: 0x00 


Access: _Write-Only 
Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 
a 

Access R R R R/W R R R Ww 

Reset 0 0 0 0 0 0 0 0 


e Bits 7:5 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 4- GCLKREQ: Generic Clock Requests 
This bit is used to determine whether the generic clocks used for the different channels should be on all the time or 
only when an event needs the generic clock. Events propagated through asynchronous paths will not need a 
generic clock. 
0: Generic clock is requested and turned on only if an event is detected. 
1: Generic clock for a channel is always on. 


e Bits 3:1 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 0 - SWRST: Software Reset 
Writing a zero to this bit has no effect. 
Writing a one to this bit resets all registers in the EVSYS to their initial state. 
Writing a one to CTRL.SWRST will always take precedence, meaning that all other writes in the same write-oper- 
ation will be discarded. 
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23.8.2 Channel 
Name: CHANNEL 
Offset: 0x04 
Reset: 0x00000000 


Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
es 

Access R R R R R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 23 22 21 20 19 18 17 16 
es 

Access R R R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 15 14 13 12 11 10 9 8 
—_ | | | i | | ££ 

Access R R R R R R R R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 
a 

Access R R R R R R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


This register allows the user to configure the channel specified in the CHANNEL bit group. To write to this register, do a 
single 32-bit write of all the configuration and channel selection data. 


To read from this register, first do an 8-bit write to the CHANNEL.CHANNEL bit group specifying the channel 
configuration to be read, and then read the Channel register (CHANNEL). 


e Bits 31:28 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 27:26 - EDGSEL[1:0]: Edge Detection Selection 
These bits set the type of edge detection to be used on the channel. 
These bits must be written to zero when using the asynchronous path. 
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Table 23-2. Edge Detection Selection 


EDGSEL[1:0] Name Description 





No event output when using the resynchronized or 
synchronous path 


0x0 NO_EVT_OUTPUT 





Event detection only on the rising edge of the signal from the 
0x1 RISING_EDGE event generator when using the resynchronized or 
synchronous path 





Event detection only on the falling edge of the signal from 
0x2 FALLING_EDGE the event generator when using the resynchronized or 
synchronous path 





Event detection on rising and falling edges of the signal from 
0x3 BOTH_EDGES the event generator when using the resynchronized or 
synchronous path 

















e Bits 25:24 — PATH[1:0]: Path Selection 
These bits are used to choose the path to be used by the selected channel. 
The path choice can be limited by the channel source, see Table 23-6. 


Table 23-3. Path Selection 











Ni | Name DY =X-Yoq ale) (ey) 
0x0 SYNCHRONOUS Synchronous path 
0x1 RESYNCHRONIZED Resynchronized path 
0x2 ASYNCHRONOUS Asynchronous path 
0x3 Reserved 

















e Bits 23:22 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 21:16 - EVGEN[5:0]: Event Generator Selection 
These bits are used to choose which event generator to connect to the selected channel. 
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Table 23-4. Event Generator Selection 


































































































AVE [UT=) Event Generator DY =X-Yoq a] ey d(eya) 

0x00 NONE No event generator selected 
0x01 RTC CMPO Compare 0 (mode 0 and 1) or Alarm 0 (mode 2) 
0x02 RTC CMP1 Compare 1 

0x03 RTC OVF Overflow 

0x04 RTC PERO Period 0 

0x05 RTC PER1 Period 1 

0x06 RTC PER2 Period 2 

0x07 RTC PER3 Period 3 

0x08 RTC PER4 Period 4 

0x09 RTC PERS Period 5 

Ox0A RTC PER6 Period 6 

0x0B RTC PER7 Period 7 

0x0C EIC EXTINTO External Interrupt 0 
0x0D EIC EXTINT1 External Interrupt 1 
Ox0E EIC EXTINT2 External Interrupt 2 
Ox0F EIC EXTINT3 External Interrupt 3 
0x10 EIC EXTINT4 External Interrupt 4 
0x11 EIC EXTINTS External Interrupt 5 
0x12 EIC EXTINT6 External Interrupt 6 
0x13 EIC EXTINT7 External Interrupt 7 
0x14 DMAC CHO Channel 0 

0x15 DMAC CH1 Channel 1 

0x16 DMAC CH2 Channel 2 

0x17 DMAC CH3 Channel 3 

0x18 TCCO OVF Overflow 

0x19 TCCO TRG Trig 

Ox1A TCCO CNT Counter 

0x1B TCCO_MCX0O Match/Capture 0 
0x1C TCCO_MCX1 Match/Capture 1 
0x1D TCCO_MCX2 Match/Capture 2 
Ox1E TCCO_MCX3 Match/Capture 3 
Ox1F TC1 OVF Overflow/Underflow 
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Table 23-4. Event Generator Selection (Continued) 
























































Value Event Generator Description 

0x20 TC1 MCO Match/Capture 0 
0x21 TC1 MC1 Match/Capture 1 
0x22 TC2 OVF Overflow/Underflow 
0x23 TC2 MCO Match/Capture 0 
0x24 TC2 MC1 Match/Capture 1 
0x25 ADC RESRDY Result Ready 

0x26 ADC WINMON Window Monitor 
0x27 AC COMPO Comparator 0 

0x28 AC COMP'1 Comparator 1 

0x29 AC WIN Window 

Ox2A DAC EMPTY Data Buffer Empty 
0x2B PTC EOC End of Conversion 
Ox2C PTC WCOMP Window Comparator 
0Ox2D-0x7F Reserved 

e Bits 15:9 — Reserved 


Atmel 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bit 8 - SWEVT: Software Event 
This bit is used to insert a software event on the channel selected by the CHANNEL.CHANNEL bit group. 


This bit must be written together with CHANNEL.CHANNE Lusing a 16-bit write. 
Writing a zero to this bit has no effect. 

Writing a one to this bit will trigger a software event for the corresponding channel. 
This bit will always return zero when read. 


Bits 7:3 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bits 2:0 - CHANNEL[2:0]: Channel Selection 
These bits are used to select the channel to be set up or read from. 
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23.8.3 User Multiplexer 
Name: USER 
Offset: 0x08 
Reset: 0x0000 
Access: Read-Write 


Property: Write-Protected 


Bit 15 14 13 12 11 10 9 8 
es 

Access R R R R R/W R/W R/W R/W 

Reset 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 
a 

Access R R R R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


This register is used to configure a specified event user. To write to this register, do a single 16-bit write of all the 
configuration and event user selection data. 

To read from this register, first do an 8-bit write to the USER.USER bit group specifying the event user configuration to be 
read, and then read USER. 


e Bits 15:12 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 11:8 - CHANNEL[3:0]: Channel Event Selection 
These bits are used to select the channel to connect to the event user. 
Note that to select channel n, the value (n+1) must be written to the USER.CHANNEL bit group. 


Table 23-5. Channel Event Selection 











CHANNELJ3:0] Channel Number 
0x0 No Channel Output Selected 
0x1-0x5 Channel n-1 selected 
0x2-Oxff Reserved 








e Bits 7:5 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 4:0 - USER[4:0]: User Multiplexer Selection 
These bits select the event user to be configured with a channel, or the event user to read the channel value from. 
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Table 23-6. User Multiplexer Selection 



























































USER[7:0] User Multiplexer DY =X-Yoq ff 0} t(eya) Path Type 

0x00 DMAC CHO Channel 0 Resynchronized path only 

0x01 DMAC CH1 Channel 1 Resynchronized path only 

0x02 DMAC CH2 Channel 2 Resynchronized path only 

0x03 DMAC CH3 Channel 3 Resynchronized path only 

0x04 TCCO EVO Asynchronous, synchronous and resynchronized paths 
0x05 TCCO EV1 Asynchronous, synchronous and resynchronized paths 
0x06 TCCO MCO Match/Capture 0 Asynchronous, synchronous and resynchronized paths 
0x07 TCCO MC1 Match/Capture 1 Asynchronous, synchronous and resynchronized paths 
0x08 TCCO MC2 Match/Capture 2 Asynchronous, synchronous and resynchronized paths 
0x09 TCCO MC3 Match/Capture 3 Asynchronous, synchronous and resynchronized paths 
Ox0A TC1_EVU Asynchronous, synchronous and resynchronized paths 
0x0B TC2_EVU Asynchronous, synchronous and resynchronized paths 
0x0C ADC_START Asynchronous path only 

0x0D ADC_SYNC Asynchronous path only 

Ox0E AC_SOC_0 Asynchronous path only 

Ox0F AC_SOC_1 Asynchronous path only 

0x10 DAC_START Asynchronous path only 

0x11 PTC_STCONV Asynchronous path only 

0x12-0x1F Reserved Reserved 
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23.8.4 Channel Status 
Name: CHSTATUS 
Offset: 0x0C 
Reset: 0x0000003F 


Access: Read-Only 


Property: - 

Bit 31 30 29 28 27 26 25 24 

Access R R R R R R R R 

Reset 0 0 0 0 0 0 0 0 

Bit 23 22 21 20 19 18 17 16 

Access R R R R R R R R 

Reset 0 0 0 0 0 0 0 0 

Bit 15 14 13 12 11 10 9 8 
=a as CHBUSY5 CHBUSY4 CHBUSY3 CHBUSY2 CHBUSY1 CHBUSYO 

Access R R R R R R R R 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 
[| USRRDY5 USRRDY4 USRRDY3 USRRDY2 USRRDY1 USRRDYO 

Access R R R R R R R R 

Reset 0 0 1 1 1 1 1 1 


e Bits 31:14 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 13:8 - CHBUSYx [x=5..0]: Channel x Busy 
This bit is cleared when channel x is idle 


This bit is set if an event on channel x has not been handled by all event users connected to channel x. 


e Bits 7:6 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 5:0 - USRRDYx [x=5..0]: Channel x User Ready 
This bit is cleared when at least one of the event users connected to the channel is not ready. 


This bit is set when all event users connected to channel x are ready to handle incoming events on channel x. 
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23.8.5 Interrupt Enable Clear 
Name: INTENCLR 
Offset: 0x10 
Reset: 0x00000000 


Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
ae EVD5 EVD4 EVD3 EvD2 EVD1 EVDO 
Access R R R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
[| OVR5 OVR4 OVR3 OVR2 OVR1 OVRO 
Access R R R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes in this register 
will also be reflected in the Interrupt Enable Set register (INTENSET). 


e Bits 31:14 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 13:8 - EVDx [x=5..0]: Channel x Event Detection Interrupt Enable 
0: The Event Detected Channel x interrupt is disabled. 


1: The Event Detected Channel x interrupt is enabled. 
Writing a zero to this bit has no effect. 


Writing a one to this bit will clear the Event Detected Channel x Interrupt Enable bit, which disables the Event 
Detected Channel x interrupt. 


e Bits 7:6 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
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e = Bits 5:0 - OVRx [x=5..0]: Channel x Overrun Interrupt Enable 
0: The Overrun Channel x interrupt is disabled. 
1: The Overrun Channel x interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Overrun Channel x Interrupt Enable bit, which disables the Overrun Channel 
x interrupt. 
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23.8.6 Interrupt Enable Set 
Name: INTENSET 
Offset: 0x14 

Reset: 0x00000000 


Access: Read-Write 


Property: - 
Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
ae EVD5 EVD4 EVD3 EvD2 EVD1 EVDO 
Access R R R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
[| OVR5 OVR4 OVR3 OVR2 OVR1 OVRO 
Access R R R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes in this register 
will also be reflected in the Interrupt Enable Clear register (INTENCLR). 


e Bits 31:14 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 13:8 - EVDx [x=5..0]: Channel x Event Detection Interrupt Enable 
0: The Event Detected Channel x interrupt is disabled. 
1: The Event Detected Channel x interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Event Detected Channel x Interrupt Enable bit, which enables the Event 
Detected Channel x interrupt. 


e Bits 7:6 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
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e = Bits 5:0 - OVRx [x=5..0]: Channel x Overrun Interrupt Enable 
0: The Overrun Channel x interrupt is disabled. 
1: The Overrun Channel x interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Overrun Channel x Interrupt Enable bit, which enables the Overrun Channel x 
interrupt. 
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23.8.7 Interrupt Flag Status and Clear 
Name: INTFLAG 
Offset: 0x18 
Reset: 0x00000000 


Access: Read-Write 


Property: - 

Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 

Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 

Bit 


15 14 13 12 11 10 9 8 
ae EVD5 EVD4 EVD3 EVD2 EVD1 EVDO 
R R R/W R/W R/W R/W R/W R/W 


Access 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 
_ 

Access R R R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


e Bits 31:14 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 13:8 - EVDx [x=5..0]: Channel x Event Detection 
This flag is set on the next CLK_EVSYS_APB cycle when an event is being propagated through the channel, and 
an interrupt request will be generated if INTENCLR/SET.EVDx is one. 
When the event channel path is asynchronous, the EVDx interrupt flag will not be set. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Event Detected Channel n interrupt flag. 


e Bits 7:6 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 5:0 - OVRx [x=5..0]: Channel x Overrun 
This flag is set on the next CLK_EVSYS cycle after an overrun channel condition occurs, and an interrupt request 
will be generated if INTENCLR/SET.OVRx is one. 
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When the event channel path is asynchronous, the OVRx interrupt flag will not be set. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Overrun Channel x interrupt flag. 
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24. 


24.1 


24.2 


24.3 


SERCOM -— Serial Communication Interface 


Overview 


The serial communication interface (SERCOM) can be configured to support a number of modes; I?C, SPI, and 
USART. Once configured and enabled, all SERCOM resources are dedicated to the selected mode. 


The SERCOM serial engine consists of a transmitter and receiver, baud-rate generator and address matching 
functionality. It can be configured to use the internal generic clock or an external clock, making operation in all sleep 
modes possible. 


Features 


e Combined interface configurable as one of the following: 
e |?C — Two-wire serial interface 
e SMBus™ compatible. 
e SPI -— Serial peripheral interface 
e USART -— Universal synchronous and asynchronous serial receiver and transmitter 


Single transmit buffer and double receive buffer 
Baud-rate generator 

Address match/mask logic 

Operational in all sleep modes 

Can be used with DMA 


Block Diagram 


Figure 24-1. SERCOM Block Diagram 
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24.4 Signal Description 
See the respective SERCOM mode chapters for details: 
e “SERCOM USART — SERCOM Universal Synchronous and Asynchronous Receiver and Transmitter” on page 
438 
“SERCOM SPI — SERCOM Serial Peripheral Interface” on page 476 
“SERCOM I2C — SERCOM Inter-Integrated Circuit” on page 509 
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24.5 Product Dependencies 


In order to use this peripheral, other parts of the system must be configured correctly, as described below. 


24.5.1 I/O Lines 
Using the SERCOM 1/O lines requires the I/O pins to be configured using port configuration (PORT). Refer to “PORT” 
on page 378 for details. 


From Figure 24-1 one can see that the SERCOM has four internal pads, PAD[3:0]. The signals from I?C, SPI and 
USART are routed through these SERCOM pads via a multiplexer. The configuration of the multiplexer is available 
from the different SERCOM modes. Refer to the mode specific chapters for details: 


e “SERCOM USART — SERCOM Universal Synchronous and Asynchronous Receiver and Transmitter” on page 
438 
“SERCOM SPI — SERCOM Serial Peripheral Interface” on page 476 
“SERCOM I2C — SERCOM Inter-Integrated Circuit” on page 509 


24.5.2 Power Management 


The SERCOM can operate in any sleep mode.SERCOM interrupts can be used to wake up the device from sleep 
modes. Refer to “PM — Power Manager’ on page 110 for details on the different sleep modes. 


24.5.3 Clocks 


The SERCOM bus clock (CLK_SERCOMx_APB) is enabled by default, and can be enabled and disabled in the 
Power Manager. Refer to “PIM — Power Manager” on page 110 for details. 


Two generic clocks are used by the SERCOM: GCLK_SERCOMx_CORE and GCLK_SERCOMx_SLOW. The core 
clock (GCLK_SERCOMx_CORE) is required to clock the SERCOM while operating as a master, while the slow clock 
(GCLK_SERCOMx_SLOW) is only required for certain functions. See specific mode chapters for details. 


These clocks must be configured and enabled in the Generic Clock Controller (GCLK) before using the SERCOM. 
Refer to “GCLK — Generic Clock Controller’ on page 88 for details. 


These generic clocks are asynchronous to the user interface clock (CLK_SERCOMx_APB). Due to this 
asynchronicity, writes to certain registers will require synchronization between the clock domains. Refer to 
“Synchronization” on page 437 for further details. 


24.5.4 DMA 
The DMA request lines are connected to the DMA controller (DMAC). Using the SERCOM DMA requests, requires 
the DMA controller to be configured first. Refer to “DIMAC — Direct Memory Access Controller’ on page 271 for details. 
24.5.5 Interrupts 
The interrupt request line is connected to the Interrupt Controller. Using the SERCOM interrupts requires the Interrupt 
Controller to be configured first. Refer to “Nested Vector Interrupt Controller” on page 26 for details. 
24.5.6 Events 
Not applicable. 


24.5.7 Debug Operation 


When the CPU is halted in debug mode, the SERCOM continues normal operation. If the SERCOM is configured in a 
way that requires it to be periodically serviced by the CPU through interrupts or similar, improper operation or data 
loss may result during debugging. The SERCOM can be forced to halt operation during debugging. 
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24.5.8 


24.5.9 


Register Access Protection 


All registers with write-access are optionally write-protected by the Peripheral Access Controller (PAC), except the 
following registers: 

e Interrupt Flag Status and Clear register (INTFLAG) 

e Address register (ADDR) 

e Data register (DATA) 
Write-protection is denoted by the Write-Protection property in the register description. 


When the CPU is halted in debug mode, all write-protection is automatically disabled. Refer to “PAC — Peripheral 
Access Controller” on page 30 for details. 


Analog Connections 


Not applicable. 























































































































24.6 Functional Description 
24.6.1 Principle of Operation 
The basic structure of the SERCOM serial engine is shown in Figure 24-2. Fields shown in capital letters are 
synchronous to the system clock and accessible by the CPU, while fields with lowercase letters can be configured to 
run on the GCLK_SERCOMx_CORE clock or an external clock. 
Figure 24-2. SERCOM Serial Engine 
Transmitter Address Match 
Internal Clk 
(GCLK) 
—___—_»| v 
Ext Clk )- baud rate generator 
1/- /2- 116 
>| tx shift register 
Receiver v 
@ a rx shift register 
e 
| v 
v 
>| — status rx buffer 
Baud Rate Generator 
The transmitter consists of a single write buffer and a shift register. The receiver consists of a two-level receive buffer 
and a shift register. The baud-rate generator is capable of running on the GCLK_SERCOMx_CORE clock or an 
external clock. Address matching logic is included for SPI and I2C operation. 
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24.6.2 Basic Operation 


24.6.2.1 Initialization 


The SERCOM must be configured to the desired mode by writing to the Operating Mode bits in the Control A register 
(CTRLA.MODE). Refer to Figure 24-1 for details. 


Table 24-1. SERCOM Modes 


CTRLA.MODE DY =X-Yoq a] ey d(eya) 























0x0 USART with external clock 
0x1 USART with internal clock 
0x2 SPI in slave operation 

0x3 SPI in master operation 
0x4 I2C slave operation 

0x5 12C master operation 
Ox6-0x7 Reserved 











For further initialization information, see the respective SERCOM mode chapters. 


24.6.2.2 Enabling, Disabling and Resetting 


The SERCOM is enabled by writing a one to the Enable bit in the Control A register (CTRLA.ENABLE). The SERCOM 
is disabled by writing a zero to CTRLA.ENABLE. 


The SERCOM is reset by writing a one to the Software Reset bit in the Control A register (CTRLA.SWRST). All 
registers in the SERCOM, except DBGCTRL, will be reset to their initial state, and the SERCOM will be disabled. 
Refer to the CTRLA register descriptions for details. 


24.6.2.3 Clock Generation — Baud-Rate Generator 


The baud-rate generator, as shown in Figure 24-3, is used for internal clock generation for asynchronous and 
synchronous communication. The generated output frequency (fgaup) is determined by the Baud register (BAUD) 
setting and the baud reference frequency (fpef). The baud reference clock is the serial engine clock, and it can be 
internal or external. 


For asynchronous operation, the /16 (divide-by-16) output is used when transmitting and the /1 (divide-by-1) output is 
used when receiving. For synchronous operation the /2 (divide-by-2) output is used. This functionality is automatically 
configured, depending on the selected operating mode. 
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Figure 24-3. Baud Rate Generator 
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Table 24-2 contains equations for calculating the baud rate (in bits per second) and for calculating the BAUD register 
value for each mode of operation. 


For asynchronous operation there are two different modes. Using the arithmetic mode, the BAUD register value is 16 
bits (0 to 65,535). Using the fractional mode, the BAUD register is 13 bits, while the fractional adjustment is 3 bits. In 
this mode the BAUD setting must be greater than or equal to 1. 


For synchronous mode, the BAUD register value is 8 bits (0 to 255). 


Table 24-2. Baud Rate Equations 









































Operating Mode oveyaTolia(eyn Baud Rate (Bits Per Second) BAUD Register Value Calculation 
Asynchronous = = Jp BAUD 
Arithmetic owe Sw F suv ™ Fuse 4 paup 65536) BAUD = 65.536 1-520 
BAUD S BAUD S 
REF 
Asynchronous g ie i o ee BAUD = ae = FP 
ee Dep Baud §(BAUD + (FP/8)) Keys 
Synchronous i Kz ee f = Peon BAUD = S ee -1 
BAUD) BAUD 2(BAUD +1) 2 
BAUD 
S — Number of samples per bit. Can be 16, 8, or 3. 
The Asynchronous Fractional option is used for auto-baud detection. 
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The baud rate error is represented by the following formula: 





Error =1\- [42 ec atta | 


ActualBaudRate 


Asynchronous Arithmetic Mode BAUD Value Selection 


The formula given for fgayp calculates the average frequency over 65,536 fre cycles. Although the BAUD register can 
be set to any value between 0 and 65,536, the values that will change the average frequency of fgayp over a single 
frame are more constrained. The BAUD register values that will affect the average frequency over a single frame lead 
to an integer increase in the cycles per frame (CPF). 


CPF = it 55 


BAUD 


where 
e Drepresent the data bits per frame 
e  Srepresent the sum of start and first stop bits, if present 


Table 24-3 shows the BAUD register value versus baud frequency at a serial engine frequency of 48MHz. This 
assumes a D value of 8 bits and an S value of 2 bits (10 bits, including start and stop bits). 


Table 24-3. BAUD Register Value vs. Baud Frequency 



































BAUD Register Value Serial Engine CPF fegaup at 48MHz Serial Engine Frequency (fpr) 

0 — 406 160 3MHz 

407 — 808 161 2.981MHz 

809 — 1205 162 2.963MHz 

65206 31775 15.11kHz 

65207 31871 15.06kHz 

65208 31969 15.01kHz 
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24.6.3 Additional Features 


24.6.3.1 Address Match and Mask 


The SERCOM address match and mask feature is capable of matching one address with a mask, two unique 
addresses or a range of addresses, based on the mode selected. The match uses seven or eight bits, depending on 
the mode. 


Address With Mask 


An address written to the Address bits in the Address register (ADDR.ADDR) with a mask written to the Address Mask 
bits in the Address register (ADDR.ADDRMASK) will yield an address match. All bits that are masked are not included 
in the match. Note that setting the ADDR.ADDRMASK to all zeros will match a single unique address, while setting 
ADDR.ADDRMASK to all ones will result in all addresses being accepted. 


Figure 24-4. Address With Mask 








ADDR LH 
ADDRMASK LL match 
rx shift register 


Two Unique Addresses 
The two addresses written to ADDR and ADDRMASK will cause a match. 


Figure 24-5. Two Unique Addresses 











Address Range 


The range of addresses between and including ADDR.ADDR and ADDR.ADDRMASK will cause a match. 
ADDR.ADDR and ADDR.ADDRMASK can be set to any two addresses, with ADDR.ADDR acting as the upper limit 
and ADDR.ADDRMASK acting as the lower limit. 


Figure 24-6. Address Range 


ADDRMASK < rx shift register <— ADDR == Match 
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24.6.4 


24.6.5 


24.6.6 


24.6.7 


24.6.8 


DMA Operation 
Not applicable. 


Interrupts 
Interrupt sources are mode-specific. See the respective SERCOM mode chapters for details. 


Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status and Clear 
register (INTFLAG) is set when the interrupt condition occurs. Each interrupt can be individually enabled by writing a 
one to the corresponding bit in the Interrupt Enable Set register (INTENSET), and disabled by writing a one to the 
corresponding bit in the Interrupt Enable Clear register (INTENCLR). An interrupt request is generated when the 
interrupt flag is set and the corresponding interrupt is enabled. The interrupt request remains active until the interrupt 
flag is cleared, the interrupt is disabled or the SERCOM is reset. See the register description for details on how to 
clear interrupt flags. 


The SERCOM has one common interrupt request line for all the interrupt sources. The user must read the INTFLAG 
register to determine which interrupt condition is present. 


Note that interrupts must be globally enabled for interrupt requests to be generated. Refer to “Nested Vector Interrupt 
Controller’ on page 26 for details. 


Events 
Not applicable. 


Sleep Mode Operation 
The peripheral can operate in any sleep mode where the selected serial clock is running. This clock can be external or 
generated by the internal baud-rate generator. 


The SERCOM interrupts can be used to wake up the device from sleep modes. Refer to the different SERCOM mode 
chapters for details. 


Synchronization 
Due to the asynchronicity between CLK_SERCOMx_APB and GCLK_SERCOMx_CORE, some registers must be 
synchronized when accessed. A register can require: 
e Synchronization when written 
e Synchronization when read 
e = Synchronization when written and read 
e No synchronization 
When executing an operation that requires synchronization, the Synchronization Busy bit in the Status register 


(STATUS.SYNCBUSY) will be set immediately, and cleared when synchronization is complete. The Synchronization 
Ready interrupt can be used to signal when synchronization is complete. 


If an operation that requires synchronization is executed while STATUS.SYNCBUSY is one, the bus will be stalled. All 
operations will complete successfully, but the CPU will be stalled and interrupts will be pending as long as the bus is 
stalled. 
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25. SERCOM USART — SERCOM Universal Synchronous and Asynchronous 
Receiver and Transmitter 
25.1 Overview 
The universal synchronous and asynchronous receiver and transmitter (USART) is one of the available modes in the 
Serial Communication Interface (SERCOM). 
Refer to “SERCOM — Serial Communication Interface” on page 430 for details. 
The USART uses the SERCOM transmitter and receiver configured as shown in Figure 25-1. Fields shown in capital 
letters are synchronous to the CLK_SERCOMx_APB and accessible by the CPU, while fields with lowercase letters 
can be configured to run on the internal generic clock or an external clock. 
The transmitter consists of a single write buffer, a shift register and control logic for handling different frame formats. 
The write buffer allows continuous data transmission without any delay between frames. 
The receiver consists of a two-level receive buffer and a shift register. Status information for the received data is 
available for error checking. Data and clock recovery units ensure robust synchronization and noise filtering during 
asynchronous data reception. 
25.2 Features 
e Full-duplex operation 
e Asynchronous (with clock reconstruction) or synchronous operation 
e Internal or external clock source for asynchronous and synchronous operation 
e Baud-rate generator 
e Supports serial frames with 5, 6, 7, 8 or 9 data bits and 1 or 2 stop bits 
e Odd or even parity generation and parity check 
e Selectable LSB- or MSB-first data transfer 
e Buffer overflow and frame error detection 
e Noise filtering, including false start-bit detection and digital low-pass filter 
e Collision detection 
e Can operate in all sleep modes 
e Operation at speeds up to half the system clock for internally generated clocks 
e Operation at speeds up to the system clock for externally generated clocks 
e RTS and CTS flow control 
e IrDA modulation and demodulation up to 115.2 kbps 
e LIN slave support 
e Auto-baud and break character detection 
Start-of-frame detection 
e Can be used with DMA 
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25.3. Block Diagram 


Figure 25-1. USART Block Diagram 
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25.4 Signal Description 


Signal Name Description 





PAD[3:0] Digital I/O General SERCOM pins 





Please refer to “I/O Multiplexing and Considerations” on page 13 for details on the pin mapping for this peripheral. 
One signal can be mapped on several pins. 


25.5 Product Dependencies 


In order to use this peripheral, other parts of the system must be configured correctly, as described below. 


25.5.1 I/O Lines 
Using the USART’s I/O lines requires the I/O pins to be configured using port configuration (PORT). 
Refer to “PORT” on page 378 for details. 


When the SERCOM is used in USART mode, the pins should be configured according to Table 25-1. If the receiver or 
transmitter is disabled, these pins can be used for other purposes. 


Table 25-1. USART Pin Configuration 


ed tamexeyavicefele-licoya) 














| TxD | Output 

| RxD | Input 

| XCK | Output or input 
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25.5.2 


25.5.3 


25.5.4 


25.5.5 


The combined configuration of PORT and the Transmit Data Pinout and Receive Data Pinout bit groups (refer to the 
Control A register description) will define the physical position of the USART signals in Table 25-1. 


Power Management 


The USART can continue to operate in any sleep mode where the selected source clock is running. The USART 
interrupts can be used to wake up the device from sleep modes. The events can trigger other operations in the system 
without exiting sleep modes. Refer to “PIM — Power Manager” on page 110 for details on the different sleep modes. 


Clocks 


The SERCOM bus clock (CLK_SERCOMx_APB, where x represents the specific SERCOM instance number) can be 
enabled and disabled in the Power Manager, and the default state of CLK_SERCOMx_APB can be found in the 
Peripheral Clock Masking section in “PIM — Power Manager” on page 110. 

A generic clock (GCLK_SERCOMx_CORE) is required to clock the SERCOMx_CORE. This clock must be configured 
and enabled in the Generic Clock Controller before using the SERCOMx_CORE. Refer to “GCLK — Generic Clock 
Controller” on page 88 for details. 

This generic clock is asynchronous to the bus clock (CLK_SERCOMx_APB). Due to this asynchronicity, writes to 
certain registers will require synchronization between the clock domains. Refer to “Synchronization” on page 451 for 
further details. 


DMA 


The DMA request lines are connected to the DMA controller (DMAC). Using the SERCOM DMA requests, 
requires the DMA controller to be configured first. Refer to “DMAC — Direct Memory Access Controller’ on page 
271 for details.. 


Interrupts 


The interrupt request line is connected to the Interrupt Controller. Using the USART interrupts requires the Interrupt 
Controller to be configured first. Refer to “Nested Vector Interrupt Controller” on page 26 for details. 


25.5.6 Events 
Not applicable. 
25.5.7 Debug Operation 
When the CPU is halted in debug mode, the USART continues normal operation. If the USART is configured in a way 
that requires it to be periodically serviced by the CPU through interrupts or similar, improper operation or data loss 
may result during debugging. The USART can be forced to halt operation during debugging. 
Refer to DBGCTRL for details. 
25.5.8 Register Access Protection 
All registers with write-access are optionally write-protected by the Peripheral Access Controller (PAC), except the 
following registers: 
e Interrupt Flag Status and Clear register (INTFLAG) 
e Status register (STATUS) 
e Data register (DATA) 
Write-protection is denoted by the Write-Protection property in the register description. 
When the CPU is halted in debug mode, all write-protection is automatically disabled. 
Write-protection does not apply for accesses through an external debugger. Refer to “PAC — Peripheral Access 
Controller’ on page 30 for details. 
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25.5.9 Analog Connections 


Not applicable. 


25.6 Functional Description 


25.6.1 Principle of Operation 
The USART uses three communication lines for data transfer: 
e RxD for receiving 
e TxD for transmitting 
e  XCK for the transmission clock in synchronous operation 
USART data transfer is frame based, where a serial frame consists of: 
e 1 start bit 
e 5,6, 7, 8 or 9 data bits 
e MSB or LSB first 
e No, even or odd parity bit 
e 1or2 stop bits 


A frame starts with the start bit followed by one character of data bits. If enabled, the parity bit is inserted after the data 
bits and before the first stop bit. One frame can be directly followed by a new frame, or the communication line can 
return to the idle (high) state. Figure 25-2 illustrates the possible frame formats. Bits inside brackets are optional. 


Figure 25-2. Frame Formats 


« Frame - 
(IDLE) St 0 A 1 A 2 3 A 4 Xa Xo Xm Xe [P] Sp1 _[Sp2] (St/IDLE) 


St Start bit; always low 
(n) Data bits; 0 to 8 
P Parity bit; odd or even 














Sp _—_ Stop bit; always high 


IDLE No transfers on the communication line; always high in this state 


25.6.2 Basic Operation 


25.6.2.1 Initialization 
The following registers are enable-protected, meaning they can only be written when the USART is disabled 
(CTRL.ENABLE is zero): 
e Control A register (CTRLA), except the Enable (ENABLE) and Software Reset (SWRST) bits 
e Control B register (CTRLB), except the Receiver Enable (RXEN) and Transmitter Enable (TXEN) bits 
e Baud register (BAUD) 
Any writes to these registers when the USART is enabled or is being enabled (CTRL.ENABLE is one) will be 


discarded. Writes to these registers) while the peripheral is being disabled will be completed after the disabling is 
complete. 


Before the USART is enabled, it must be configured, as outlined in the following steps: 
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e USART mode with external or internal clock must be selected first by writing 0x0 or 0x1 to the Operating Mode 
bit group in the Control A register (CTRLA.MODE) 

e Communication mode (asynchronous or synchronous) must be selected by writing to the Communication Mode 
bit in the Control A register (CTRLA.CMODE) 

e SERCOM pad to use for the receiver must be selected by writing to the Receive Data Pinout bit group in the 
Control A register (CTRLA.RXPO) 

e SERCOM pads to use for the transmitter and external clock must be selected by writing to the Transmit Data 
Pinout bit in the Control A register (CTRLA.TXPO) 

e Character size must be selected by writing to the Character Size bit group in the Control B register 
(CTRLB.CHSIZE) 

e  MSB- or LSB-first data transmission must be selected by writing to the Data Order bit in the Control A register 
(CTRLA.DORD) 

e When parity mode is to be used, even or odd parity must be selected by writing to the Parity Mode bit in the 
Control B register (CTRLB.PMODE) and enabled by writing 0x1 to the Frame Format bit group in the Control A 
register (CTRLA.FORM) 

e Number of stop bits must be selected by writing to the Stop Bit Mode bit in the Control B register 
(CTRLB.SBMODE) 

When using an internal clock, the Baud register (BAUD) must be written to generate the desired baud rate 


The transmitter and receiver can be enabled by writing ones to the Receiver Enable and Transmitter Enable 
bits in the Control B register (CTRLB.RXEN and CTRLB.TXEN) 


25.6.2.2 Enabling, Disabling and Resetting 


The USART is enabled by writing a one to the Enable bit in the Control A register (CTRLA.ENABLE). The USART is 
disabled by writing a zero to CTRLA.ENABLE. 


The USART is reset by writing a one to the Software Reset bit in the Control A register (CTRLA.SWRST). All registers 
in the USART, except DBGCTRL, will be reset to their initial state, and the USART will be disabled. Refer to the 
CTRLA register for details. 


25.6.2.3 Clock Generation and Selection 


For both synchronous and asynchronous modes, the clock used for shifting and sampling data can be generated 
internally by the SERCOM baud-rate generator or supplied externally through the XCK line. Synchronous mode is 
selected by writing a one to the Communication Mode bit in the Control A register (CTRLA.CMODE) and 
asynchronous mode is selected by writing a zero to CTRLA.CMODE. The internal clock source is selected by writing 
0x1 to the Operation Mode bit group in the Control A register (CTRLA.MODE) and the external clock source is 
selected by writing 0x0 to CTRLA.MODE. 


The SERCOM baud-rate generator is configured as shown in Figure 25-3. When CTRLA.CMODE is zero, the baud- 
rate generator is automatically set to asynchronous mode and the 16-bit Baud register value is used. When 
CTRLA.CMODE is one, the baud-rate generator is automatically set to synchronous mode and the eight LSBs of the 
Baud register are used. Refer to “Clock Generation — Baud-Rate Generator” on page 433 for details on configuring the 
baud rate. 
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Figure 25-3. Clock Generation 
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Synchronous Clock Operation 


When synchronous mode is used, the CTRLA.MODE bit group controls whether the transmission clock (XCK line) is 
an input or output. The dependency between the clock edges and data sampling or data change is the same for 
internal and external clocks. Data input on the RxD pin is sampled at the opposite XCK clock edge as data is driven on 
the TxD pin. 


The Clock Polarity bit in the Control A register (CTRLA.CPOL) selects which XCK clock edge is used for RxD 
sampling and which is used for TxD change. As shown in Figure 25-4, when CTRLA.CPOL is zero, the data will be 
changed on the rising XCK edge and sampled on the falling XCK edge. If CTRLA.CPOL is one, the data will be 
changed on the falling edge of XCK and sampled on the rising edge of XCK. 


Figure 25-4. Synchronous Mode XCK Timing 
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When the clock is provided through XCK (CTRLA.MODE is 0x0), the shift registers operate directly on the XCK clock. 
This means that XCK is not synchronized with the system clock and, therefore, can operate at frequencies up to the 
system frequency. 
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25.6.2.4 Data Register 


The USART Transmit Data register (TxDATA) and USART Receive Data register(RxDATA) share the same I/O 
address, referred to as the Data register (DATA). Writing the DATA register will update the Transmit Data register. 
Reading the DATA register will return the contents of the Receive Data register. 


25.6.2.5 Data Transmission 


A data transmission is initiated by loading the DATA register with the data to be sent. The data in TXxDATA is moved to 
the shift register when the shift register is empty and ready to send a new frame. When the shift register is loaded with 
data, one complete frame will be transmitted. 


The Transmit Complete interrupt flag in the Interrupt Flag Status and Clear register (INTFLAG.TXC) is set, and the 
optional interrupt is generated, when the entire frame plus stop bit(s) have been shifted out and there is no new data 
written to the DATA register. 


The DATA register should only be written when the Data Register Empty flag in the Interrupt Flag Status and Clear 
register (INTFLAG.DRE) is set, which indicates that the register is empty and ready for new data. 


Disabling the Transmitter 


Disabling the transmitter will not become effective until any ongoing and pending transmissions are completed, i.e., 
when the transmit shift register and TxDATA do not contain data to be transmitted. The transmitter is disabled by 
writing a zero to the Transmitter Enable bit in the Control B register (CTRLB.TXEN). 


25.6.2.6 Data Reception 


The receiver starts data reception when a valid start bit is detected. Each bit that follows the start bit will be sampled at 
the baud rate or XCK clock, and shifted into the receive shift register until the first stop bit of a frame is received. When 
the first stop bit is received and a complete serial frame is present in the receive shift register, the contents of the shift 
register will be moved into the two-level receive buffer. The Receive Complete interrupt flag in the Interrupt Flag 
Status and Clear register (INTFLAG.RXC) is set, and the optional interrupt is generated. A second stop bit will be 
ignored by the receiver. 


The received data can be read by reading the DATA register. DATA should not be read unless the Receive Complete 
interrupt flag is set. 


Disabling the Receiver 


Disabling the receiver by writing a zero to the Receiver Enable bit in the Control B register (CTRLB.RXEN) will flush 
the two-level receive buffer, and data from ongoing receptions will be lost. 


Error Bits 


The USART receiver has three error bits. The Frame Error (FERR), Buffer Overflow (BUFOVF) and Parity Error 
(PERR) bits can be read from the Status (STATUS) register. Upon error detection, the corresponding bit will be set 
until it is cleared by writing a one to it. These bits are also automatically cleared when the receiver is disabled. 


There are two methods for buffer overflow notification. When the immediate buffer overflow notification bit 
(CTRLA.IBON) is set, STATUS.BUFOVF is raised immediately upon buffer overflow. Software can then empty the 
receive FIFO by reading RxDATA until the receive complete interrupt flag (INTFLAG.RXC) goes low. 


When CTRLA.IBON is zero, the buffer overflow condition travels with data through the receive FIFO. After the 
received data is read, STATUS.BUFOVF will be set along with INTFLAG.RXC. 


Asynchronous Data Reception 


The USART includes a clock recovery and data recovery unit for handling asynchronous data reception. The clock 
recovery logic is used to synchronize the incoming asynchronous serial frames at the RxD pin to the internally 
generated baud-rate clock. The data recovery logic samples and applies a low-pass filter to each incoming bit, 
thereby improving the noise immunity of the receiver. The asynchronous reception operational range depends on the 
accuracy of the internal baud-rate clock, the rate of the incoming frames and the frame size (in number of bits). 
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Asynchronous Operational Range 


The operational range of the receiver depends on the difference between the received bit rate and the internally 
generated baud rate. If the baud rate of an external transmitter is too high or too low compared to the internally 
generated baud rate, the receiver will not be able to synchronize the frames to the start bit. 


There are two possible sources for a mismatch in baud rate. The reference clock will always have some minor 
instability. In addition, the baud-rate generator can not always do an exact division of the reference clock frequency to 
get the baud rate desired. In this case, the BAUD register value should be selected to give the lowest possible error. 
Refer to “Asynchronous Arithmetic Mode BAUD Value Selection” on page 435 for details. 


Recommended maximum receiver baud-rate errors for various character sizes are shown in the table below. 


Table 25-2. Asynchronous Receiver Error for x16 Oversampling 




















'B) Recommended Max 
(Data bits + Parity) Rs_ow(%) Reast(%) Max Total Error (%) Sa = Ko) 9) 
5 94.12 107.69 +5.88/-7.69 42.5 
6 94.92 106.67 +5.08/-6.67 +2.0 
Ea 95.52 105.88 +4,48/-5.88 | 42.0 
8 96.00 105.26 +4.00/-5.26 +2.0 
9 96.39 104.76 +3.61/-4.76 +1.5 
10 96.70 104.35 +3.30/-4.35 +1.5 























The recommended maximum receiver baud-rate error assumes that the receiver and transmitter equally divide the 
maximum total error. 


The following equations can be used to calculate the ratio of the incoming data rate and internal receiver baud rate: 


16(D +1) 16(D +2) 


Rsow = t6D+1)+6 Ress = T6D4 +8 


where: 

S is the number of samples per bit (S = 16, 8 or 3) 

S; is the first sample number used for majority voting (S- = 7, 3, or 2) when CTRLA.SAMPA=0. 

Sy is the middle sample number used for majority voting (Sy = 8, 4, or 2) when CTRLA.SAMPA=0. 

Dis the sum of character size and parity size (D = 5 to 10 bits) 

Rs_ow is the ratio of the slowest incoming data rate that can be accepted in relation to the receiver baud rate 
Reagr is the ratio of the fastest incoming data rate that can be accepted in relation to the receiver baud rate 


25.6.3 Additional Features 


25.6.3.1 Parity 


Even or odd parity can be selected for error checking by writing 0x1 to the Frame Format bit group in the Control A 
register (CTRLA.FORM). If even parity is selected by writing a zero to the Parity Mode bit in the Control B register 
(CTRLB.PMODE), the parity bit of the outgoing frame is set to one if the number of data bits that are one is odd 
(making the total number of ones even). If odd parity is selected by writing a one to CTRLB.PMODE, the parity bit of 
the outgoing frame is set to one if the number of data bits that are one is even (making the total number of ones odd). 
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When parity checking is enabled, the parity checker calculates the parity of the data bits in incoming frames and 
compares the result with the parity bit of the corresponding frame. If a parity error is detected, the Parity Error bit in the 
Status register (STATUS.PERR) is set. 


25.6.3.2 Hardware Handshaking 


The USART features an out-of-band hardware handshaking flow control mechanism, implemented by connecting the RTS 
and CTS pins with the remote device, as shown in Figure 25-5. 


Figure 25-5. Connection with a Remote Device for Hardware Handshaking 
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Hardware handshaking is only available with the following configuration: 
e USART with internal clock (CTRLA.MODE = 1). 
e Asynchronous mode (CTRLA.CMODE = 0). 
e Flow control pinout (CTRLA.TXPO = 2). 


The receiver drives its RTS pin high when disabled, or when the receive FIFO is full. This indicates to the remote 
device that it must stop transmitting after the ongoing transmission is complete. Enabling and disabling the receiver by 
writing RXEN will set/clear the RTS pin after a synchronization delay. When the receive FIFO goes full, RTS is 
immediately set and the frame that is currently being received will be stored in the shift register until the receive FIFO 
is no longer full. 


Figure 25-6. Receiver Behavior when Operating with Hardware Handshaking 


Sa | | | 
RXEN | | 


Rx FIFO Full | | 


The current CTS level is available in the STATUS register (STATUS.CTS). Character transmission will only start if 
CTS is low. When CTS goes high, the transmitter will stop transmitting after the ongoing transmission is complete. 


Figure 25-7. Transmitter Behavior when Operating with Hardware Handshaking 
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25.6.3.3 IrDA Modulation and Demodulation 
IrDA modulation and demodulation is available with the following configuration. When enabled, transmission and 
reception is IrDA compliant up to 115.2 kb/s. 
e IrDA encoding enabled (CTRLB.ENC=1). 
e Asynchronous mode (CTRLA.CMODE = 0). 
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e 16x sample rate (CTRLA.SAMPR{(O] = 0). 


During transmission, each low bit is transmitted as a high pulse with width as 3/16 of the baud rate period as 
illustrated in 


Figure 25-8. 


Figure 25-8. IrDA Transmit Encoding 


.«_1_baud clock _,. 


TXD | | 
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—»} i<— 3/16 baud clock 


The reception decoder has two main functions. The first is to synchronize the incoming data to the IrDA baud rate 
counter. Synchronization is performed at the start of each zero pulse. The second function is to decode incoming Rx 
data. If a pulse width meets the minimum length set by configuration (RXPL.RXPL), it is accepted. When the baud rate 
counter reaches its middle value (1/2 bit length), it is transferred to the receiver. 


Figure 25-9 illustrates reception where RXPL.RXPL is set to 19. This indicates that the pulse width should be at least 
20 SE clock cycles. When assuming BAUD = OxE666 or 160 SE cycles per bit, this corresponds to 2/16 baud clock 
as minimum pulse width required. In this case the first bit is accepted as a zero, the second bit is a one, and the third 
bit is also a one. A low pulse is rejected since it does not meet the minimum requirement of 2/16 baud clock. 


Figure 25-9. IrDA Receive Decoding 
Baud clock 0 0.5 1 1.5 2 2.5 





IrDA encoded RXD 





—> =—20 SE clock cycles 


Note that the polarity of the transmitter and receiver are opposite. During transmission, a zero bit is transmitted as a 
one pulse. During reception, an accepted zero pulse is received as a zero bit. 


25.6.3.4 Break Character Detection and Auto-baud 


Break character detection and auto-baud are available with the following configuration: 
e  Auto-baud frame format (CTRLA.FORM = 0x04 or 0x05) 
e Asynchronous mode (CTRLA.CMODE = 0). 
e 16x sample rate using fractional baud rate generation (CTRLA.SAMPR = 1). 


The auto-baud follows the LIN format. All LIN Frames start with a Break Field followed by a Sync Field. The USART 
uses a break detection threshold of greater than 11 nominal bit times at the configured baud rate. At any time, if more 
than 11 consecutive dominant bits are detected on the bus, the USART detects a Break Field. When a Break Field 
has been detected, the Receive Break interrupt flag (INTFLAG.RXBRk) is set and the USART expects the Sync Field 
character to be 0x55. This field is used to update the actual baud rate in order to stay synchronized. If the received 
Sync character is not 0x55, then the Inconsistent Sync Field error flag (STATUS.ISF) is set along with the Error 
interrupt flag (INTFLAG.ERROR) and the baud rate is unchanged. 
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Figure 25-10.LIN Break and Sync Fields 
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After a break field is detected and the start bit of the Sync Field is detected, a counter is started. The counter is then 
incremented for the next 8 bit times of the Sync Field. At the end of these 8 bit times, the counter is stopped. At this 
moment, the 13 most significant bits of the counter (value divided by 8) gives the new clock divider (BAUD.BAUD) and 
the 3 least significant bits of this value (the remainder) gives the new Fractional Part (BAUD.FP). When the Sync Field 
has been received, the clock divider (BAUD.BAUD) and the Fractional Part (BAUD.FP) are updated in the Baud Rate 
Generator register (BAUD) after a synchronization delay. 


After the Break and Sync Fields, n characters of data can be received. 


25.6.3.5 Collision Detection 


When the receiver and transmitter are connected either through pin configuration or externally, transmit collision can 
be detected by setting the Collision Detection Enable bit (CTRLB.COLDEN). For collision to be detected, the receiver 
and transmitter must be enabled (CTRLB.RXEN=1 and CTRLB.TXEN=1). 


Collision detection is performed for each bit transmitted by checking the received value vs the transmit value as 
shown in Figure 25-11. While the transmitter is idle (no transmission in progress), characters can be received on RxD 
without triggering a collision. 


Figure 25-11.Collision Checking 
8-bit character, single stop bit 
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Figure 25-12 shows the conditions for a collision detection. In this case, the start bit and the first data bit are received 
with the same value as transmitted. The second received data bit is found to be different than the transmitted bit at 
the detection point which indicates a collision. 


Figure 25-12.Collision Detected 
Collision checked and ok 
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When a collision is detected, the USART automatically follows this sequence: 
e The current transfer is aborted. 
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e The transmit buffer is flushed. 
e The transmitter is disabled (CTRLB.TXEN=0). 
e This commences immediately and is complete after synchronization time. The CTRLB Synchronization 
Busy bit (SYNCBUSY.CTRLB) will be set until this is complete. 
e This results in the TxD pin being tri-stated. 
e The Collision Detected bit (STATUS.COLL) is set along with the Error interrupt flag (INTFLAG.ERROR). 
e Since the transmit buffer no longer contains data, the Transmit Complete interrupt flag (INTFLAG.TXC) is set. 


After a collision, software must manually enable the transmitter before continuing. Software must ensure CTRLB 
Synchronization Busy bit (SYNCBUSY.CTRLB) is not asserted before re-enabling the transmitter. 


25.6.3.6 Loop-back Mode 


By configuring the Receive Data Pinout (CTRLA.RXPO) and Transmit Data Pinout (CTRLA.TXPO) to use the same 
data pins for transmit and receive, loop-back is achieved. The loop-back is through the pad, so the signal is also 
available externally. 


25.6.3.7 Start-of-Frame Detection 


The USART start-of-frame detector can wake up the CPU when it detects a start bit. In standby sleep mode, the 
internal fast startup oscillator must be selected as the GCLK_SERCOMx_CORE source. 


When a 1-to-0 transition is detected on RxD, the 8MHz Internal Oscillator is powered up and the USART clock is 
enabled. After startup, the rest of the data frame can be received, provided that the baud rate is slow enough in 
relation to the fast startup internal oscillator start-up time. Refer to “Electrical Characteristics” on page 858 for details. 
The start-up time of this oscillator varies with supply voltage and temperature. 


The USART start-of-frame detection works both in asynchronous and synchronous modes. It is enabled by writing a 
one to the Start of Frame Detection Enable bit in the Control B register (CTRLB.SFDE). If the Receive Start Interrupt 
Enable bit in the Interrupt Enable Set register (INTENSET.RXS) is set, the Receive Start interrupt is generated 
immediately when a start is detected. When using start-of-frame detection without the Receive Start interrupt, start 
detection will force the 8MHz Internal Oscillator and USART clock active while the frame is being received, but the 
CPU will not wakeup until the Receive Complete interrupt is generated, if enabled. 


25.6.3.8 Sample Adjustment 


In asynchronous mode (CTRLA.CMODE=0), three samples in the middle are used to determine the value based on 
majority voting. The three samples used for voting can be selected using the Sample Adjustment bit field in Control A 
register (CTRLA.SAMPA). When CTRLA.SAMPA is set to zero, samples 7-8-9 are used for 16x over sampling and 
samples 3-4-5 are used for 8x over sampling. 


Atmel | SMART SAM D11 [DATASHEET 449 
Atmel | 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





25.6.4 DMA, Interrupts and Events 


Table 25-3. Module Request for SERCOM USART 
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25.6.4.1 DMA Operation 
The USART generates the following DMA requests. 


e Data received (RX): The request is set when data is available in the receive FIFO. The request is cleared when 


DATA is read. 


e Data transmit (TX): The request is set when the transmit buffer (TX DATA) is empty. The request is cleared 


when DATA is written. 


25.6.4.2 Interrupts 


The USART has the following interrupt sources: 
Error 

Received Break 

Clear to Send Input Change 

Receive Start 

Receive Complete 


Transmit Complete 
e Data Register Empty 





Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status and Clear 
register (INTFLAG) is set when the interrupt condition occurs. Each interrupt can be individually enabled by writing a 
one to the corresponding bit in the Interrupt Enable Set register (INTENSET), and disabled by writing a one to the 
corresponding bit in the Interrupt Enable Clear register (INTENCLR). An interrupt request is generated when the 
interrupt flag is set and the corresponding interrupt is enabled. The interrupt request remains active until the interrupt 
flag is cleared, the interrupt is disabled or the USART is reset. See the register description for details on how to clear 
interrupt flags. 


The USART has one common interrupt request line for all the interrupt sources. The user must read INTFLAG to 
determine which interrupt condition is present. 


Note that interrupts must be globally enabled for interrupt requests to be generated. Refer to “Nested Vector Interrupt 
Controller’ on page 26 for details. 


25.6.4.3 Events 


Not applicable. 
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25.6.5 


25.6.6 


Sleep Mode Operation 


When using internal clocking, writing the Run In Standby bit in the Control A register (CTRLA.RUNSTDBY) to one will 
allow GCLK_SERCOMx_CORE to be enabled in all sleep modes. Any interrupt can wake up the device. 


When using external clocking, writing a one to CTRLA.RUNSTDBY will allow the Receive Start or Receive Complete 
interrupt.to wake up the device. 


If CTRLA.RUNSTDBY is zero, the internal clock will be disabled when any ongoing transfer is finished. A Receive 
Start or Transfer Complete interrupt can wake up the device. When using external clocking, this will be disconnected 
when any ongoing transfer is finished, and all reception will be dropped. 


Synchronization 
Due to the asynchronicity between CLK_SERCOMx_APB and GCLK_SERCOMx_CORE, some registers must be 
synchronized when accessed. A register can require: 

e Synchronization when written 

e Synchronization when read 

e Synchronization when written and read 

e No synchronization 


When executing an operation that requires synchronization, the corresponding Synchronization Busy bit in the 
Synchronization Busy register (SYNCBUSY) will be set immediately, and cleared when synchronization is complete. 
If an operation that requires synchronization is executed while the corresponding SYNCBUSY bit is one, a peripheral 
bus error is generated. 
The following bits need synchronization when written: 
e Software Reset bit in the Control A register (CTRLA.SWRST). SYNCBUSY.SWRST is set to one while 
synchronization is in progress. 
e Enable bit in the Control A register (CTRLA.ENABLE). SYNCBUSY.ENABLE is set to one while synchronization 
is in progress. 
e Receiver Enable bit in the Control B register (CTRLB.RXEN). SYNCBUSY.CTRLB is set to one while 
synchronization is in progress. 
e Transmitter Enable bit in the Control B register (CTRLB.TXEN). SYNCBUSY.CTRLB is set to one while 
synchronization is in progress. 


Synchronization is denoted by the Write-Synchronized property in the register description. 
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25.7 Register Summary 


Table 25-4. Register Summary 



















































































































































































Offset Name 
0x00 7:0 RUNSTDBY MODE[2:0] ENABLE SWRST 
0x01 15:8 SAMPR[2:0] IBON 
CTRLA 

0x02 23:16 SAMPA[1:0] RXPO[1:0] TXPO[1:0] 

0x03 31:24 DORD CPOL CMODE FORM{[3:0] 

0x04 7:0 SBMODE CHSIZE[2:0] 

0x05 CTRLB 15:8 PMODE ENC SFDE COLDEN 
0x06 23:16 RXEN TXEN 
0x07 31:24 

0x04 7:0 SBMODE CHSIZE[2:0] 

0x05 CTRLB 15:8 PMODE ENC COLDEN 
0x06 23:16 RXEN TXEN 
0x07 31:24 

0x08 Reserved 

0x09 Reserved 

Ox0A Reserved 

0x0B Reserved 

0x0C 7:0 BAUD[7:0] 

BAUD 

0x0D 15:8 FP[2:0)//BAUD[15:13] BAUD[12:8] 

Ox0E RXPL 7:0 RXPL[7:0] 

OxOF Reserved 

0x10 Reserved 

0x11 Reserved 

0x12 Reserved 

0x13 Reserved 

0x14 INTENCLR 7:0 ERROR RXBRK CTSIC RXS RXC TXC DRE 
0x14 INTENCLR 7:0 ERROR RXBRK CTSIC RXC TXC DRE 
0x15 Reserved 

0x16 INTENSET 7:0 ERROR RXBRK CTSIC RXS RXC TXC DRE 
0x16 INTENSET 7:0 ERROR RXBRK CTSIC RXC TXC DRE 
0x17 Reserved 

0x18 INTFLAG 7:0 ERROR RXBRK CTSIC RXS RXC TXC DRE 
0x18 INTFLAG 7:0 ERROR RXBRK CTSIC RXC TXC DRE 
0x19 Reserved 

0x1A 7:0 COLL ISF CTS BUFOVF FERR PERR 

STATUS 
0x1B 15:8 
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Offset | Name Bit Pos. 
0x1C 7:0 CTRLB ENABLE SWRST 
0x1D 15:8 
SYNCBUSY 
Ox1E 23:16 
Ox1F 31:24 
0x20 Reserved 
0x21 Reserved 
0x22 Reserved 
0x23 Reserved 
0x24 Reserved 
0x25 Reserved 
0x26 Reserved 
0x27 Reserved 
0x28 7:0 DATA|7:0] 
DATA 
0x29 15:8 DATA[8] 
Ox2A Reserved 
0x2B Reserved 
0x2C Reserved 
0x2D Reserved 
Ox2E Reserved 
Ox2F Reserved 
0x30 DBGCTRL 7:0 DBGSTOP 
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25.8 Register Description 
Registers can be 8, 16 or 32 bits wide. Atomic 8-, 16- and 32-bit accesses are supported. In addition, the 8-bit 
quarters and 16-bit halves of a 32-bit register and the 8-bit halves of a 16-bit register can be accessed directly. 


Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Write-protection is denoted 
by the Write-Protected property in each individual register description. Refer to “Register Access Protection” on page 
440 for details. 


Some registers require synchronization when read and/or written. Synchronization is denoted by the Synchronized 
property in each individual register description. Refer to “Synchronization” on page 451 for details. 


Some registers are enable-protected, meaning they can only be written when the USART is disabled. Enable- 
protection is denoted by the Enable-Protected property in each individual register description. 
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25.8.1 Control A 
Name: CTRLA 
Offset: 0x00 
Reset: 0x00000000 
Property: Enable-Protected, Write-Protected, Write-Synchronized 


































































































Bit 31 30 29 28 27 26 25 24 
DORD CPOL CMODE FORM{[3:0] 
Access R R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
SAMPA/1:0] RXPO[1:0] | | TXPO[1:0] 
Access R/W R/W R/W R/W R R R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
SAMPR[2:0] IBON 
Access R/W R/W R/W R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
RUNSTDBY MODE[2:0] ENABLE SWRST 
Access R/W R R R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
e Bit 31 — Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
e Bit 30 - DORD: Data Order 
This bit indicates the data order when a character is shifted out from the Data register. 
0: MSB is transmitted first. 
1: LSB is transmitted first. 
This bit is not synchronized. 
e Bit 29 - CPOL: Clock Polarity 
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This bit indicates the relationship between data output change and data input sampling in synchronous mode. 
This bit is not synchronized. 
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Table 25-5. Clock Polarity 


TxD Change 


RxD Sample 





Rising XCK edge 


0x0 | 


Falling XCK edge 








Ox1 | Falling XCK edge 


Rising XCK edge 





Bit 28 - CMODE: Communication Mode 


This bit indicates asynchronous or synchronous communication. 


0: Asynchronous communication. 
1: Synchronous communication. 
This bit is not synchronized. 


Bits 27:24 - FORM[3:0]: Frame Format 
These bits define the frame format. 


These bits are not synchronized. 


Table 25-6. Frame Format 


FORM[3:0] Description 




















0x0 USART frame 

0x1 USART frame with parity 

0x2-0x3 Reserved 

0x4 Auto-baud -- break detection and auto-baud. 

Ox5 Auto-baud -- break detection and auto-baud with parity 
Ox6-0xF Reserved 











Bits 23:22 — SAMPA[1:0]: Sample Adjustment 
These bits define the sample adjustment. 


These bits are not synchronized. 


Table 25-7. Sample Adjustment 


16x Over-sampling 


8x Over-sampling 





























SAMPA[1:0] (CTRLA.SAMPR=0 or 1) (CTRLA.SAMPR=2 or 3) 
0x0 7-8-9 3-4-5 
Ox1 9-10-11 4-5-6 
Ox2 11-12-13 5-6-7 
0x3 13-14-15 6-7-8 

Bits 21:20 - RXPO[1:0]: Receive Data Pinout 

These bits define the receive data (RxD) pin configuration. 

These bits are not synchronized. 
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Table 25-8. Receive Data Pinout 














RXPO[1:0] Name Description 

0x0 PAD[0] SERCOM PAD(0] is used for data reception 
Ox1 PAD[1] SERCOM PADJ[1] is used for data reception 
0x2 PAD[2] SERCOM PAD[2] is used for data reception 
0x3 PAD[3] | SERCOM PADJ3] is used for data reception 

















e Bits 19:18 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bit 17:16 - TXPO[1:0]: Transmit Data Pinout 
These bits define the transmit data (TxD) and XCK pin configurations. 


This bit is not synchronized. 


Table 25-9. Transmit Data Pinout 














TxD Pin XCK Pin Location 
Location Ua TatevaWwAN eye) i fer-1e)(-)) 
0x0 SERCOM PAD[0] SERCOM PAD[1] N/A N/A 
0x1 SERCOM PAD[2] | SERCOM PAD{3] | N/A | N/A 
0x2 SERCOM PAD[0] | N/A | SERCOM PAD[2] | SERCOM PAD[3] 
0x3 Reserved 














e = Bits 15:13 - SAMPR[2:0]: Sample Rate 
These bits define the sample rate. 


These bits are not synchronized. 


Table 25-10. Sample Rate 


SAMPR[2:0] Description 

















0x0 16x over-sampling using arithmetic baud rate generation. 
0x1 16x over-sampling using fractional baud rate generation. 
0x2 8x over-sampling using arithmetic baud rate generation. 
0x3 8x over-sampling using fractional baud rate generation. 
0x4 3x over-sampling using arithmetic baud rate generation. 
0x5-0x7 Reserved 














e Bits 12:9 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
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Bit 8 - IBON: Immediate Buffer Overflow Notification 
This bit controls when the buffer overflow status bit (STATUS.BUFOVF) is asserted when a buffer overflow 
occurs. 


0: STATUS.BUFOVFE is asserted when it occurs in the data stream. 
1: STATUS.BUFOVF is asserted immediately upon buffer overflow. 


Bit 7 - RUNSTDBY: Run In Standby 
This bit defines the functionality in standby sleep mode. 


This bit is not synchronized. 


Table 25-11. Run In Standby 











RUNSTDBY External Clock Internal Clock 
External clock is disconnected when Generic clock is disabled when ongoing transfer is 
0x0 ongoing transfer is finished. All finished. The device can wake up on Receive Start or 
reception is dropped. Transfer Complete interrupt. 
Wake on Receive Start or Receive Generic clock is enabled in all sleep modes. Any 
Ox1 : ; : 
Complete interrupt. interrupt can wake up the device. 
e Bits 6:5 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
e Bits 4:2 - MODE: Operating Mode 
These bits must be written to 0x0 or 0x1 to select the USART serial communication interface of the SERCOM. 
0x0: USART with external clock. 
0x1: USART with internal clock. 
These bits are not synchronized. 
e Bit 1-— ENABLE: Enable 
0: The peripheral is disabled or being disabled. 
1: The peripheral is enabled or being enabled. 
Due to synchronization, there is delay from writing CTRLA.ENABLE until the peripheral is enabled/disabled. 
The value written to CTRLA.ENABLE will read back immediately and the Enable Synchronization Busy bit in 
the Synchronization Busy register (SYNCBUSY.ENABLE) will be set. SYNCBUSY.ENABLE is cleared when 
the operation is complete. 
This bit is not enable-protected. 
e Bit 0 - SWRST: Software Reset 
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0: There is no reset operation ongoing. 

1: The reset operation is ongoing. 

Writing a zero to this bit has no effect. 

Writing a one to this bit resets all registers in the SERCOM, except DBGCTRL, to their initial state, and the 
SERCOM will be disabled. 

Writing a one to CTRLA.SWRST will always take precedence, meaning that all other writes in the same write- 
operation will be discarded. Any register write access during the ongoing reset will result in an APB error. 
Reading any register will return the reset value of the register. 

Due to synchronization, there is a delay from writing CTRLA.SWRST until the reset is complete. 
CTRLA.SWRST and SYNCBUSY.SWRST will both be cleared when the reset is complete. 

This bit is not enable-protected. 
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25.8.2 Control B 




















































































































Name: CTRLB 

Offset: 0x04 

Reset: 0x00000000 

Property: Enable-Protected, Write-Protected, Write-Synchronized 
Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 

RXEN TXEN 
Access R R R R R R R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
PMODE ENC SFDE COLDEN 
PMODE ENC COLDEN 
Access R R R/W R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
SBMODE CHSIZE[2:0] 
Access R R/W R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
e Bits 31:18 — Reserved 
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These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bit 17 — RXEN: Receiver Enable 

0: The receiver is disabled or being enabled. 

1: The receiver is enabled or will be enabled when the USART is enabled. 

Writing a zero to this bit will disable the USART receiver. Disabling the receiver will flush the receive buffer and 
clear the FERR, PERR and BUFOVF bits in the STATUS register. 


Writing a one to CTRLB.RXEN when the USART is disabled will set CTRLB.RXEN immediately. When the 
USART is enabled, CTRLB.RXEN will be cleared, and SYNCBUSY.CTRLB will be set and remain set until the 
receiver is enabled. When the receiver is enabled, CTRLB.RXEN will read back as one. 

Writing a one to CTRLB.RXEN when the USART is enabled will set SYNCBUSY.CTRLB, which will remain set 
until the receiver is enabled, and CTRLB.RXEN will read back as one. 


This bit is not enable-protected. 


Atmel | SMART SAM D11 [DATASHEET] 459 


Atmel-42363H-SAM-D11-Datasheet_09/2016 














e Bit 16 —- TXEN: Transmitter Enable 
0: The transmitter is disabled or being enabled. 
1: The transmitter is enabled or will be enabled when the USART is enabled. 
Writing a zero to this bit will disable the USART transmitter. Disabling the transmitter will not become effective 
until ongoing and pending transmissions are completed. 
Writing a one to CTRLB.TXEN when the USART is disabled will set CTRLB.TXEN immediately. When the 
USART is enabled, CTRLB.TXEN will be cleared, and SYNCBUSY.CTRLB will be set and remain set until the 
transmitter is enabled. When the transmitter is enabled, CTRLB.TXEN will read back as one. 
Writing a one to CTRLB.TXEN when the USART is enabled will set SYNCBUSY.CTRLB, which will remain set 
until the receiver is enabled, and CTRLB.TXEN will read back as one. 
This bit is not enable-protected. 


e Bits 15:14 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bit 13 -PPMODE: Parity Mode 
This bit selects the type of parity used when parity is enabled (CTRLA.FORM is one). The transmitter will auto- 
matically generate and send the parity of the transmitted data bits within each frame. The receiver will generate 
a parity value for the incoming data and parity bit, compare it to the parity mode and, if a mismatch is detected, 
STATUS.PERR will be set. 
0: Even parity. 
1: Odd parity. 
This bit is not synchronized. 


e Bits 12:11 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bit 10 -— ENC: Encoding Format 
This bit selects the data encoding format. 


0: Data is not encoded. 
1: Data is IrDA encoded. 
This bit is not synchronized. 


e Bit 9 - SFDE: Start of Frame Detection Enable 
This bit controls whether the start-of-frame detector will wake up the device when a start bit is detected on the 
RxD line, according to the table below. 


This bit is not synchronized. 


SFDE INTENSET.RXS | INTENSET.RXC Description 
































0 x x Start-of-frame detection disabled. 
1 0 0 Reserved 
1 0 1 Start-of-frame detection enabled. RXC wakes up the device from all sleep modes. 
1 4 | 0 : Start-of-frame detection enabled. RXS wakes up the device from all sleep modes. 
1 1 1 Start-of-frame detection enabled. Both RXC and RXS wake up the device from all 
sleep modes. 





e Bit 9 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
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Bit 8 -- COLDEN: Collision Detection Enable 
This bit enables collision detection. 


0: Collision detection is not enabled. 
1: Collision detection is enabled. 
This bit is not synchronized. 


Bit 7 — Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bit 6 - SBMODE: Stop Bit Mode 
This bit selects the number of stop bits transmitted. 


0: One stop bit. 
1: Two stop bits. 
This bit is not synchronized. 


Bits 5:3 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bits 2:0 - CHSIZE[2:0]: Character Size 
These bits select the number of bits in a character. 


These bits are not synchronized. 


Table 25-12. Character Size 


(e174 240) | Description 




















0x0 8 bits 
0x1 9 bits 
0x2-0x4 Reserved 
0x5 5 bits 
Ox6 6 bits 
Ox7 T bits 
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25.8.3 Baud 
Name: BAUD 
Offset: 0x0C 
Reset: 0x0000 
Property: Enable-Protected, Write-Protected 























Bit 15 14 13 12 11 10 9 8 
FP[2:0/BAUD[15:13] BAUD[12:8] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
BAUD[7:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


Arithmetic Baud Rate Generation (CTRLA.SAMPR[0]=0) 
e Bits 15:0 - BAUD[15:0]: Baud Value 


These bits control the clock generation, as described in the SERCOM Baud Rate section. 
Fractional Baud Rate Generation (CTRLA.SAMPR[0]=1) 


e_ Bits 15:13 — FP[2:0]: Fractional Part 
These bits control the clock generation, as described in the SERCOM Baud Rate section. 


e Bits 15:0 - BAUD[12:0]: Baud Value 
These bits control the clock generation, as described in the SERCOM Baud Rate section. 
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25.8.4 Receive Pulse Length Register 
Name: RXPL 
Offset: Ox0E 
Reset: 0x00 
Property: Write-Protected 








Bit 7 6 5 4 3 2 1 0 
RXPL[7:0] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


e Bits 7:0 - RXPL[7:0]: Receive Pulse Length 
When the encoding format is set to IrDA (CTRLB.ENC=1), these bits control the minimum pulse length that is 
required for a pulse to be accepted by the IrDA receiver with regards to the serial engine clock period. 


PULSE > (RXPL +1)x SE ,., 
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25.8.5 


Interrupt Enable Clear 


This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes in this 
register will also be reflected in the Interrupt Enable Set register (INTENSET). 


Name: INTENCLR 
Offset: 0x14 
Reset: 0x00 


Property: Write-Protected 






































Bit 7 6 5 4 3 2 il 0 
ERROR RXBRK CTSIC RXS RXC TXC DRE 
ERROR RXBRK CTSIC RXC TXC DRE 
Access R/W R R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
e Bit 7—- ERROR: Error Interrupt Enable 
0: Error interrupt is disabled. 
1: Error interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Error Interrupt Enable bit, which disables the Error interrupt. 
e Bit 6 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
e Bit 5—RXBRK: Receive Break Interrupt Enable 
0: Receive Break interrupt is disabled. 
1: Receive Break interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Receive Break Interrupt Enable bit, which disables the Receive Break 
interrupt. 
e Bit 4-CTSIC: Clear to Send Input Change Interrupt Enable 
0: Clear To Send Input Change interrupt is disabled. 
1: Clear To Send Input Change interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Clear To Send Input Change Interrupt Enable bit, which disables the Clear 
To Send Input Change interrupt. 
e Bit 3 - RXS: Receive Start Interrupt Enable 
0: Receive Start interrupt is disabled. 
1: Receive Start interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Receive Start Interrupt Enable bit, which disables the Receive Start 
interrupt. 
e Bits 3 —- Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
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e Bit 2—RXC: Receive Complete Interrupt Enable 
0: Receive Complete interrupt is disabled. 
1: Receive Complete interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Receive Complete Interrupt Enable bit, which disables the Receive Com- 
plete interrupt. 


e Bit 1 - TXC: Transmit Complete Interrupt Enable 
0: Transmit Complete interrupt is disabled. 
1: Transmit Complete interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Transmit Complete Interrupt Enable bit, which disables the Receive Com- 
plete interrupt. 


e Bit 0 - DRE: Data Register Empty Interrupt Enable 
0: Data Register Empty interrupt is disabled. 
1: Data Register Empty interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Data Register Empty Interrupt Enable bit, which disables the Data Register 
Empty interrupt. 
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25.8.6 


Interrupt Enable Set 


This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes in this 
register will also be reflected in the Interrupt Enable Clear register (INTENCLR) . 


Name: INTENSET 
Offset: 0x16 
Reset: 0x00 


Property: Write-Protected 






































Bit 7 6 5 4 3 2 1 0 
ERROR RXBRK CTSIC RXS RXC TXC DRE 
ERROR RXBRK CTSIC RXC TXC DRE 
Access R/W R R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
e Bit 7— ERROR: Error Interrupt Enable 
0: Error interrupt is disabled. 
1: Error interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Error Interrupt Enable bit, which enables the Error interrupt. 
e Bits 6 —- Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
e Bit 5—-RXBRK: Receive Break Interrupt Enable 
0: Receive Break interrupt is disabled. 
1: Receive Break interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Receive Break Interrupt Enable bit, which enables the Receive Break 
interrupt. 
e Bit 4-CTSIC: Clear to Send Input Change Interrupt Enable 
0: Clear To Send Input Change interrupt is disabled. 
1: Clear To Send Input Change interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Clear To Send Input Change Interrupt Enable bit, which enables the Clear 
To Send Input Change interrupt. 
e Bit 3-RXS: Receive Start Interrupt Enable 
0: Receive Start interrupt is disabled. 
1: Receive Start interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Receive Start Interrupt Enable bit, which enables the Receive Start interrupt. 
e Bits 3 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
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e Bit 2—RXC: Receive Complete Interrupt Enable 
0: Receive Complete interrupt is disabled. 
1: Receive Complete interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Receive Complete Interrupt Enable bit, which enables the Receive Complete 
interrupt. 


e Bit 1- TXC: Transmit Complete Interrupt Enable 
0: Transmit Complete interrupt is disabled. 
1: Transmit Complete interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Transmit Complete Interrupt Enable bit, which enables the Transmit Com- 
plete interrupt. 


e Bit 0 - DRE: Data Register Empty Interrupt Enable 
0: Data Register Empty interrupt is disabled. 
1: Data Register Empty interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Data Register Empty Interrupt Enable bit, which enables the Data Register 
Empty interrupt. 
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25.8.7 Interrupt Flag Status and Clear 






































Name: INTFLAG 
Offset: 0x18 
Reset: 0x00 
Property: 
Bit 7 6 5 4 3 2 1 0 
ERROR RXBRK CTSIC RXS RXC TXC DRE 
ERROR RXBRK CTSIC RXC TXC DRE 
Access R/W R R/W R/W R/W R R/W R 
Reset 0 0 0 0 0 0 0 0 
e Bit 7— ERROR: Error 
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This flag is cleared by writing a one to it. 


This bit is set when any error is detected. Errors that will set this flag have corresponding status flags in 
the STATUS register. Errors that will set this flag are COLL, ISF, BUFOVF, FERR, and PERR.Writing a 
zero to this bit has no effect. 


Writing a one to this bit will clear the flag. 


Bits 6 — Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bit 5 - RXBRK: Receive Break 

This flag is cleared by writing a one to it. 

This flag is set when auto-baud is enabled (CTRLA.FORM) and a break character is received. 
Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the flag. 


Bit 4 -—- CTSIC: Clear to Send Input Change 
This flag is cleared by writing a one to it. 


This flag is set when a change is detected on the CTS pin. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the flag. 


Bit 3 — RXS: Receive Start 
This flag is cleared by writing a one to it. 


This flag is set when a start condition is detected on the RxD line and start-of-frame detection is enabled 
(CTRLB.SFDE is one). 


Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Receive Start interrupt flag. 


Bits 3 — Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bit 2 -RXC: Receive Complete 
This flag is cleared by reading the Data register (DATA) or by disabling the receiver. 


This flag is set when there are unread data in DATA. 
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Writing a zero to this bit has no effect. 
Writing a one to this bit has no effect. 


e Bit 1-—TXC: Transmit Complete 
This flag is cleared by writing a one to it or by writing new data to DATA. 


This flag is set when the entire frame in the transmit shift register has been shifted out and there are no new 
data in DATA. 


Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the flag. 


e Bit 0 - DRE: Data Register Empty 
This flag is cleared by writing new data to DATA. 


This flag is set when DATA is empty and ready to be written. 
Writing a zero to this bit has no effect. 
Writing a one to this bit has no effect. 
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25.8.8 Status 
Name: STATUS 
Offset: Ox1A 
Reset: 0x0000 






























































Property: 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
COLL ISF CTS BUFOVF FERR PERR 
Access R R R/W R/W R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
e Bits 15:6 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
e Bit 5- COLL: Collision Detected 
This bit is cleared by writing a one to the bit or by disabling the receiver. 
This bit is set when collision detection is enabled (CTRLB.COLDEN) and a collision is detected. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear it. 
e Bit 4-ISF: Inconsistent Sync Field 
This bit is cleared by writing a one to the bit or by disabling the receiver. 
This bit is set when the frame format is set to auto-baud (CTRLA.FORM) and a sync field not equal to 0x55 is 
received. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear it. 
e Bit 3-—CTS: Clear to Send 
This bit indicates the current level of the CTS pin when flow control is enabled (CTRLA.TXPO). 
Writing a zero to this bit has no effect. 
Writing a one to this bit has no effect. 
e Bit 2- BUFOVF: Buffer Overflow 
Reading this bit before reading the Data register will indicate the error status of the next character to be read. 
This bit is cleared by writing a one to the bit or by disabling the receiver. 
This bit is set when a buffer overflow condition is detected. A buffer overflow occurs when the receive buffer is 
full, there is a new character waiting in the receive shift register and a new start bit is detected. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear it. 
e Bit 1 - FERR: Frame Error 


Atmel 


Reading this bit before reading the Data register will indicate the error status of the next character to be read. 
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This bit is cleared by writing a one to the bit or by disabling the receiver. 

This bit is set if the received character had a frame error, i.e., when the first stop bit is zero. 
Writing a zero to this bit has no effect. 

Writing a one to this bit will clear it. 


e Bit 0-PERR: Parity Error 
Reading this bit before reading the Data register will indicate the error status of the next character to be read. 


This bit is cleared by writing a one to the bit or by disabling the receiver. 

This bit is set if parity checking is enabled (CTRLA.FORM is 0x1 or 0x5) and a parity error is detected. 
Writing a zero to this bit has no effect. 

Writing a one to this bit will clear it. 
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25.8.9 Synchronization Busy 
Name: SYNCBUSY 
Offset: 0x1C 
Reset: 0x00000000 














































































































Property: 
Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
CTRLB ENABLE SWRST 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
e Bits 31:3 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
e Bit 2-CTRLB: CTRLB Synchronization Busy 
Writing CTRLB when the SERCOM is enabled requires synchronization. When written, the SYNC- 
BUSY.CTRLB bit will be set until synchronization is complete. If CTRLB is written while SYNCBUSY.CTRLB is 
asserted, an APB error will be generated. 
0: CTRLB synchronization is not busy. 
1: CTRLB synchronization is busy. 
e Bit 1— ENABLE: SERCOM Enable Synchronization Busy 


Atmel 


Enabling and disabling the SERCOM (CTRLA.ENABLE) requires synchronization. When written, the SYNC- 
BUSY.ENABLE bit will be set until synchronization is complete. 


Writes to any register (except for CTRLA.SWRST) while enable synchronization is on-going will be discarded 
and an APB error will be generated. 


0: Enable synchronization is not busy. 
1: Enable synchronization is busy. 
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e Bit 0 -SWRST: Software Reset Synchronization Busy 
Resetting the SERCOM (CTRLA.SWRST) requires synchronization. When written, the SYNCBUSY.SWRST bit 


will be set until synchronization is complete. 

Writes to any register while synchronization is on-going will be discarded and an APB error will be generated. 
0: SWRST synchronization is not busy. 

1: SWRST synchronization is busy. 
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25.8.10 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Data 


Name: 


DATA 


Offset: 0x28 









































Reset: 0x0000 
Property: - 
15 14 13 12 11 10 9 8 
DATA[8] 
R R R R R R R RIW 
0 0 0 0 0 0 0 0 
7 6 5 4 3 2 1 0 
DATA|7:0] 
R/W R/W R/W R/W R/W R/W R/W R/W 
0 0 0 0 0 0 0 0 
e Bits 15:9 —- Reserved 


Atmel 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bits 8:0 — DATA[8:0]: Data 

Reading these bits will return the contents of the Receive Data register. The register should be read only when 
the Receive Complete Interrupt Flag bit in the Interrupt Flag Status and Clear register (INTFLAG.RXC) is set. 
The status bits in STATUS should be read before reading the DATA value in order to get any corresponding 
error. 

Writing these bits will write the Transmit Data register. This register should be written only when the Data Reg- 
ister Empty Interrupt Flag bit in the Interrupt Flag Status and Clear register (INTFLAG.DRE) is set. 
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25.8.11 Debug Control 


Name: DBGCTRL 
Offset: 0x30 
Reset: 0x00 


Property: Write-Protected 





























Bit 7 6 5 4 3 2 1 0 
DBGSTOP 

Access R R R R R R R R/W 

Reset 0 0 0 0 0 0 0 0 


e Bits 7:1 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bit 0- DBGSTOP: Debug Stop Mode 
This bit controls the baud-rate generator functionality when the CPU is halted by an external debugger. 


0: The baud-rate generator continues normal operation when the CPU is halted by an external debugger. 
1: The baud-rate generator is halted when the CPU is halted by an external debugger. 
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26. SERCOM SPI -—- SERCOM Serial Peripheral Interface 


26.1 Overview 


The serial peripheral interface (SPI) is one of the available modes in the Serial Communication Interface (SERCOM). 
Refer to “SERCOM -— Serial Communication Interface” on page 430 for details. 


The SPI uses the SERCOM transmitter and receiver configured as shown in “Full-Duplex SP! Master Slave 
Interconnection” on page 476. Each side, master and slave, depicts a separate SPI containing a shift register, a 
transmit buffer and two receive buffers. In addition, the SPI master uses the SERCOM baud-rate generator, while the 
SPI slave can use the SERCOM address match logic. Fields shown in capital letters are synchronous to 
CLK_SERCOMx_APB and accessible by the CPU, while fields with lowercase letters are synchronous to the SCK 
clock. 


26.2 Features 
Full-duplex, four-wire interface (MISO, MOSI, SCK, SS) 
Single-buffered transmitter, double-buffered receiver 
Supports all four SPI modes of operation 
Single data direction operation allows alternate function on MISO or MOSI pin 
Selectable LSB- or MSB-first data transfer 
Can be used with DMA 
Master operation: 
e@ Serial clock speed up to 12MHz 


e 8-bit clock generator 
e Hardware controlled SS 
e Slave operation: 
e@ Serial clock speed up to the system clock 
e Optional 8-bit address match operation 
e Operation in all sleep modes 
e Wake on SS transition 


26.3 Block Diagram 


Figure 26-1. Full-Duplex SPI Master Slave Interconnection 
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26.4 Signal Description 








Signal Name DY =X-Yet ge) i(ey a] 
PAD[3:0] Digital I/O General SERCOM pins 
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26.5.1 


Refer to “I/O Multiplexing and Considerations” on page 13 for details on the pin mapping for this peripheral. One 
signal can be mapped to one of several pins. 


Product Dependencies 


In order to use this peripheral, other parts of the system must be configured correctly, as described below. 


/O Lines 


Using the SERCOM'’s I/O lines requires the I/O pins to be configured using port configuration (PORT). Refer to 
“PORT” on page 378 for details. 


When the SERCOM is configured for SPI operation, the pins should be configured according to Table 26-1. If the 
receiver is disabled, the data input pin can be used for other purposes. In master mode the slave select line (SS) is 
hardware controlled when Master Slave Select Enable (CTRLB.MSSEN) is set to one. 


Table 26-1. SPI Pin Configuration 


Master SPI Slave SPI 


Output Input 





Input Output 





Output Input 

















Output (CTRLB.MSSEN=1) Input 





26.5.2 


26.5.3 


26.5.4 


26.5.5 


The combined configuration of PORT and the Data In/Data Out and Data Out Pinout bit groups in Control A register 
will define the physical position of the SPI signals in Table 26-1. 


Power Management 


The SPI can continue to operate in any sleep mode. The SPI interrupts can be used to wake up the device from sleep 
modes. Refer to “PM — Power Manager’ on page 110 for details on the different sleep modes. 


Clocks 

The SERCOM bus clock (CLK_SERCOMx_APB) can be enabled and disabled in the Power Manager, and the default 
state of CLK_SERCOMx_APB can be found in the Peripheral Clock Masking section in the “PIM — Power Manager” on 
page 110. 

A generic clock (GCLK_SERCOMx_CORE) is required to clock the SPI. This clock must be configured and enabled in 
the Generic Clock Controller before using the SPI. Refer to “GCLK — Generic Clock Controller’ on page 88 for details. 
This generic clock is asynchronous to the bus clock (CLK_SERCOMx_APB). Due to this asynchronicity, writes to 
certain registers will require synchronization between the clock domains. Refer to “Synchronization” on page 486 for 
further details. 


DMA 


The DMA request lines are connected to the DMA controller (DMAC). Using the SERCOM DMA requests, 
requires the DMA controller to be configured first. Refer to “DMAC — Direct Memory Access Controller’ on page 
271 for details. 


Interrupts 


The interrupt request line is connected to the Interrupt Controller. Using the SPI, interrupts requires the Interrupt 
Controller to be configured first. Refer to “Nested Vector Interrupt Controller” on page 26 for details. 
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26.5.6 Events 
Not applicable. 


26.5.7 Debug Operation 


When the CPU is halted in debug mode, the SPI continues normal operation. If the SPI is configured in a way that 
requires it to be periodically serviced by the CPU through interrupts or similar, improper operation or data loss may 
result during debugging. The SPI can be forced to halt operation during debugging. Refer to the Debug Control 
(DBGCTRL) register for details. 


26.5.8 Register Access Protection 


All registers with write-access are optionally write-protected by the Peripheral Access Controller (PAC), except the 
following registers: 
e Interrupt Flag Clear and Status register (INTFLAG) 
e Status register (STATUS) 
e Data register (DATA) 
Write-protection is denoted by the Write-Protection property in the register description. 
When the CPU is halted in debug mode, all write-protection is automatically disabled. 


Write-protection does not apply for accesses through an external debugger. Refer to “PAC — Peripheral Access 
Controller” on page 30 for details. 


26.5.9 Analog Connections 


Not applicable. 


26.6 Functional Description 


26.6.1 Principle of Operation 


The SPI is a high-speed synchronous data transfer interface. It allows fast communication between the device and 
peripheral devices. 


The SPI can operate as master or slave. As master, the SPI initiates and controls all data transactions. The SPI is 
single buffered for transmitting and double buffered for receiving. When transmitting data, the Data register can be 
loaded with the next character to be transmitted while the current transmission is in progress. For receiving, this 
means that the data is transferred to the two-level receive buffer upon reception, and the receiver is ready for a new 
character. 


The SPI transaction format is shown in Figure 26-2, where each transaction can contain one or more characters. The 
character size is configurable, and can be either 8 or 9 bits. 


Table 26-2. SPI Transaction Format 


Transaction > 
Character — 


MOSI/MISO Character 0 Character 1 Character 2 














Ss 





The SPI master must initiate a transaction by pulling low the slave select line (SS) of the desired slave. The master 
and slave prepare data to be sent in their respective shift registers, and the master generates the serial clock on the 
SCK line. Data are always shifted from master to slave on the master output, slave input line (MOSI), and from slave 
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to master on the master input, slave output line (MISO). The master signals the end of the transaction by pulling the 
SS line high. 


As each character is shifted out from the master, another character is shifted in from the slave. 


26.6.2 Basic Operation 


26.6.2.1 Initialization 


The following registers are enable-protected, meaning that they can only be written when the SPI is disabled 
(CTRL.ENABLE is zero): 


e Control A register (CTRLA), except Enable (CTRLA.ENABLE) and Software Reset (CTRLA.SWRST) 
e Control B register (CTRLB), except Receiver Enable (CTRLB.RXEN) 

e Baud register (BAUD) 

e Address register (ADDR) 


Any writes to these registers when the SPI is enabled or is being enabled (CTRLA.ENABLE is one) will be discarded. 
Writes to these registers while the SPI is being disabled will be completed after the disabling is complete. 


Enable-protection is denoted by the Enable-Protection property in the register description. 


Before the SPI is enabled, it must be configured, as outlined by the following steps: 


e SPI mode in master or slave operation must be selected by writing 0x2 or 0x3 to the Operating Mode bit group 
in the Control A register (CTRLA.MODE) 


e Transfer mode must be selected by writing the Clock Polarity bit and the Clock Phase bit in the Control A 
register (CTRLA.CPOL and CTRLA.CPHA) 


e Transaction format must be selected by writing the Frame Format bit group in the Control A register 
(CTRLA.FORM) 


e SERCOM pad to use for the receiver must be selected by writing the Data In Pinout bit group in the Control A 
register (CTRLA.DIPO) 


e SERCOM pads to use for the transmitter, slave select and serial clock must be selected by writing the Data Out 
Pinout bit group in the Control A register (CTRLA.DOPO) 


e Character size must be selected by writing the Character Size bit group in the Control B register 
(CTRLB.CHSIZE) 


Data direction must be selected by writing the Data Order bit in the Control A register (CTRLA.DORD) 
If the SPI is used in master mode, the Baud register (BAUD) must be written to generate the desired baud rate 
If the SPI is used in master mode and Hardware SS control is required, the Master Slave Select Enable bit in 
CTRLB register (CTRLB.MSSEN) should be set to 1. 

e The receiver can be enabled by writing a one to the Receiver Enable bit in the Control B register 
(CTRLB.RXEN) 


26.6.2.2 Enabling, Disabling and Resetting 


The SPI is enabled by writing a one to the Enable bit in the Control A register (CTRLA.ENABLE). The SPI is disabled 
by writing a zero to CTRLA.ENABLE. 


The SPI is reset by writing a one to the Software Reset bit in the Control A register (CTRLA.SWRST). All registers in 
the SPI, except DBGCTRL, will be reset to their initial state, and the SPI will be disabled. Refer to CTRLA for details. 


26.6.2.3 Clock Generation 


In SPI master operation (CTRLA.MODE is 0x3), the serial clock (SCK) is generated internally using the SERCOM 
baud-rate generator. When used in SPI mode, the baud-rate generator is set to synchronous mode, and the 8-bit 
Baud register (BAUD) value is used to generate SCK, clocking the shift register. Refer to “Clock Generation — Baud- 
Rate Generator” on page 433 for more details. 


In SPI slave operation (CTRLA.MODE is 0x2), the clock is provided by an external master on the SCK pin. This clock 
is used to directly clock the SPI shift register. 
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26.6.2.4 Data Register 


The SPI Transmit Data register (TxDATA) and SPI Receive Data register (RxDATA) share the same I/O address, 
referred to as the SPI Data register (DATA). Writing the DATA register will update the Transmit Data register. Reading 
the DATA register will return the contents of the Receive Data register. 


26.6.2.5 SPI Transfer Modes 
There are four combinations of SCK phase and polarity with respect to the serial data. The SPI data transfer modes 
are shown in Table 26-3 and Figure 26-2. SCK phase is selected by the Clock Phase bit in the Control A register 
(CTRLA.CPHA). SCK polarity is selected by the Clock Polarity bit in the Control A register (CTRLA.CPOL). Data bits 
are shifted out and latched in on opposite edges of the SCK signal, ensuring sufficient time for the data signals to 
stabilize. 


Table 26-3. SPI Transfer Modes 











LM Cote (=) CPOL CPHA 1W=¥-Co Tale mie (e[=) Trailing Edge 
0 0 0 Rising, sample Falling, setup 

1 0 1 Rising, setup Falling, sample 
2 1 0 Falling, sample Rising, setup 
3 1 1 Falling, setup Rising, sample 























Leading edge is the first clock edge in a clock cycle, while trailing edge is the second clock edge in a clock cycle. 
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Figure 26-2. SPI Transfer Modes 


Mode 0 | | 

Mode 2 | | 

SAMPLE | | | | | | | | | 
MOSI/MISO 

MOSI PIN 


msopn, CEE 
MISO PIN 





E 4 





ss 
MSB first (DORD = 0) MSB Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 LSB 
LSB first (DORD=1) LSB Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 MSB 


Mode 1 | | | | | 
Mode 3 | | | | | 


i SAMPLE | | | | | | | | | 
MOSI/MISO 


wpm MEK KKK KY 
MOSI PIN 


H 1 H 


26.6.2.6 Transferring Data 
Master 


When configured as a master (CTRLA.MODE is 0x3), if Master Slave Select Enable (CTRLB.MSSEN) is set to zero 
the SS line can be located at any general purpose I/O pin, and must be configured as an output. When the SPI is 
ready for a data transaction, software must pull the SS line low. If Master Slave Enable Select (CTRLB.MSSEN) is set 
to one, hardware controls the SS line. 





When writing a character to the Data register (DATA), the character will be transferred to the shift register when the 
shift register is empty. Once the contents of TxDATA have been transferred to the shift register, the Data Register 
Empty flag in the Interrupt Flag Status and Clear register (INTFLAG.DRE) is set, and a new character can be written 
to DATA. 


As each character is shifted out from the master, another character is shifted in from the slave. If the receiver is 
enabled (CTRLA.RXEN is one), the contents of the shift register will be transferred to the two-level receive buffer. The 
transfer takes place in the same clock cycle as the last data bit is shifted in, and the Receive Complete Interrupt flag in 
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the Interrupt Flag Status and Clear register (INTFLAG.RXC) will be set. The received data can be retrieved by reading 
DATA. 


When the last character has been transmitted and there is no valid data in DATA, the Transmit Complete Interrupt flag 
in the Interrupt Flag Status and Clear register (INTFLAG.TXC) is set. When the transaction is finished, the master 
must indicate this to the slave by pulling the SS line high. If Master Slave Select Enable (CTRLB.MSSEN) is set to 
zero, the software must pull the SS line high. 


Slave 


When configured as a slave (CTRLA.MODE is 0x2), the SPI interface will remain inactive, with the MISO line tri-stated 
as long as the SS pin is pulled high. Software may update the contents of DATA at any time, as long as the Data 
Register Empty flag in the Interrupt Status and Clear register (INTFLAG.DRE) is set. 


When SS is pulled low and SCK is running, the slave will sample and shift out data according to the transaction mode 
set. When the contents of TxDATA have been loaded into the shift register, INTFLAG.DRE is set, and new data can 
be written to DATA. Similar to the master, the slave will receive one character for each character transmitted. On the 
same clock cycle as the last data bit of a character is received, the character will be transferred into the two-level 
receive buffer. The received character can be retrieved from DATA when Receive Complete interrupt flag 
(INTFLAG.RXC) is set. 


When the master pulls the SS line high, the transaction is done and the Transmit Complete Interrupt flag in the 
Interrupt Flag Status and Clear register (INTFLAG.TXC) is set. 


Once DATA is written, it takes up to three SCK clock cycles before the content of DATA is ready to be loaded into the 
shift register. When the content of DATA is ready to be loaded, this will happen on the next character boundary. As a 
consequence, the first character transferred in a SPI transaction will not be the content of DATA. This can be avoided 
by using the preloading feature. 


Refer to “Preloading of the Slave Shift Register” on page 483. 


When transmitting several characters in one SPI transaction, the data has to be written to DATA while there are at 
least three SCK clock cycles left in the current character transmission. If this criteria is not met, then the previous 
character received will be transmitted. 


After the DATA register is empty, it takes three CLK_SERCOM_APB cycles for INTFLAG.DRE to be set. 
26.6.2.7 Receiver Error Bit 


The SPI receiver has one error bit: the Buffer Overflow bit (BUFOVF), which can be read from the Status register 
(STATUS). Upon error detection, the bit will be set until it is cleared by writing a one to it. The bit is also automatically 
cleared when the receiver is disabled. 


There are two methods for buffer overflow notification. When the immediate buffer overflow notification bit 
(CTRLA.IBON) is set, STATUS.BUFOVF is set immediately upon buffer overflow. Software can then empty the 
receive FIFO by reading RxDATA until the receive complete interrupt flag (INTFLAG.RXC) goes low. 


When CTRLA.IBON is zero, the buffer overflow condition travels with data through the receive FIFO. After the 


received data is read, STATUS.BUFOVF and INTFLAG.ERROR will be set along with INTFLAG.RXC, and RxDATA 
will be zero. 


26.6.3 Additional Features 


26.6.3.1 Address Recognition 


When the SPI is configured for slave operation (CTRLA.MODE is 0x2) with address recognition (CTRLA.FORM is 
0x2), the SERCOM address recognition logic is enabled. When address recognition is enabled, the first character in a 
transaction is checked for an address match. If there is a match, then the Receive Complete Interrupt flag in the 
Interrupt Flag Status and Clear register (INTFLAG.RXC) is set, the MISO output is enabled and the transaction is 
processed. If there is no match, the transaction is ignored. 
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If the device is in sleep mode, an address match can wake up the device in order to process the transaction. If the 
address does not match, then the complete transaction is ignored. If a 9-bit frame format is selected, only the lower 8 
bits of the shift register are checked against the Address register (ADDR). 


Refer to “Address Match and Mask” on page 436 for further details. 


26.6.3.2 Preloading of the Slave Shift Register 


When starting a transaction, the slave will first transmit the contents of the shift register before loading new data from 
DATA. The first character sent can be either the reset value of the shift register (if this is the first transmission since 
the last reset) or the last character in the previous transmission. Preloading can be used to preload data to the shift 
register while SS is high and eliminate sending a dummy character when starting a transaction. 


In order to guarantee enough set-up time before the first SCK edge, enough time must be given between SS going 


low and the first SCK sampling edge, as shown in Figure 26-3. 


Preloading is enabled by setting the Slave Data Preload Enable bit in the Control B register (CTRLB.PLOADEN). 


Figure 26-3. Timing Using Preloading 
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Only one data character written to DATA will be preloaded into the shift register while the synchronized ss signal (see 
Figure 26-3) is high. The next character written to DATA before SS is pulled low will be stored in DATA until transfer 
begins. If the shift register is not preloaded, the current contents of the shift register will be shifted out. 


26.6.3.3 Master with Several Slaves 


Master with multiple slaves in parallel feature is available only when Master Slave Select Enable (CTRLB.MSSEN) is 
set to zero and hardware SS control is disabled. If the bus consists of several SPI slaves, an SPI master can use 
general purpose I/O pins to control the SS line to each of the slaves on the bus, as shown in Figure 26-4. In this 
configuration, the single selected SPI slave will drive the tri-state MISO line. 


Atmel 
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Figure 26-4. Multiple Slaves in Parallel 
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An alternate configuration is shown in Figure 26-5. In this configuration, all n attached slaves are connected in series. 
A common SS line is provided to all slaves, enabling them simultaneously. The master must shift n characters for a 
complete transaction. Depending on the Master Slave Select Enable bit (CTRLB.MSSEN), SS line is controlled either 
by hardware or by user software and normal GPIO 


Figure 26-5. Multiple Slaves in Series 
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26.6.3.4 Loop-back Mode 


By configuring the Data In Pinout (CTRLA.DIPO) and Data Out Pinout (CTRLA.DOPO) to use the same data pins for 
transmit and receive, loop-back is achieved. The loop-back is through the pad, so the signal is also available 
externally. 


26.6.3.5 Hardware Controlled ss 


In master mode, a single ss chip select can be controlled by hardware by setting the Master Slave Select Enable 
(CTRLB.MSSEN) bit to one. In this mode, the SS pin is driven low for a minimum of one baud cycle before 
transmission begins, and stays low for a minimum of one baud cycle after transmission completes. If back-to-back 
frames are transmitted, the SS pin will always be driven high for a minimum of one baud cycle between frames. 


In Figure 26-6, the time T is between one and two baud cycles depending on the SPI transfer mode. 
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Figure 26-6. Hardware Controlled ss 
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When MSSEN is set to zero, the SS pin(s) is/are controlled by user software and normal GPIO. 


26.6.3.6 Slave Select Low Detection 


In slave mode the SPI is capable of waking the CPU when the slave select (SS) goes low. When the Slave Select Low 
Detect is enabled (CTRLB.SSDE=1), a high to low transition will set the Slave Select Low interrupt flag 
(INTFLAG.SSL) and the device will wake if applicable. 


26.6.4 DMA, Interrupts and Events 


Table 26-4. Module Request for SERCOM SPI 


DMA request is 














lofey are lid feyal Interrupt request Event output Event input DMA request cleared 
Data Register When data is 

X X : 
Empty written 
Transmit x 
Complete 
Bacon X x When data is read 
Complete 
Slave Select low x 
Error x 


























26.6.4.1 DMA Operation 


The SPI generates the following DMA requests: 


e Data received (RX): The request is set when data is available in the receive FIFO. The request is cleared when 
DATA is read. 


e Data transmit (TX): The request is set when the transmit buffer (TX DATA) is empty. The request is cleared 
when DATA is written. 


26.6.4.2 Interrupts 


The SPI has the following interrupt sources: 
e Error 

Slave Select Low 

Receive Complete 

Transmit Complete 


Data Register Empty 


Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status and Clear 
register (INTFLAG) is set when the interrupt condition occurs. Each interrupt can be individually enabled by writing a 
one to the corresponding bit in the Interrupt Enable Set register (INTENSET), and disabled by writing a one to the 
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corresponding bit in the Interrupt Enable Clear register (INTENCLR). An interrupt request is generated when the 
interrupt flag is set and the corresponding interrupt is enabled. The interrupt request remains active until the interrupt 
flag is cleared, the interrupt is disabled or the SPI is reset. See the register description for details on how to clear 
interrupt flags. 


The SPI has one common interrupt request line for all the interrupt sources. The user must read INTFLAG to 
determine which interrupt condition is present. 


Note that interrupts must be globally enabled for interrupt requests to be generated. Refer to “Nested Vector Interrupt 
Controller” on page 26 for details. 


For details on clearing interrupt flags, refer to INTFLAG. 


26.6.4.3 Events 


26.6.5 


26.6.6 


Not applicable. 


Sleep Mode Operation 


During master operation, the generic clock will continue to run in idle sleep mode. If the Run In Standby bit in the 
Control A register (CTRLA.RUNSTDBY) is one, the GCLK_SERCOM_CORE will also be enabled in standby sleep 
mode. Any interrupt can wake up the device. 


If CTRLA.RUNSTDBY is zero during master operation, GLK_SERCOMx_CORE will be disabled when the ongoing 
transaction is finished. Any interrupt can wake up the device. 


During slave operation, writing a one to CTRLA.RUNSTDBY will allow the Receive Complete interrupt to wake up the 
device. 


If CTRLA.RUNSTDBY is zero during slave operation, all reception will be dropped, including the ongoing transaction. 


Synchronization 
Due to the asynchronicity between CLK_SERCOMx_APB and GCLK_SERCOMx_CORE, some registers must be 
synchronized when accessed. A register can require: 
e = Synchronization when written 
e Synchronization when read 
e = Synchronization when written and read 
e No synchronization 
When executing an operation that requires synchronization, the corresponding Synchronization Busy bit in the 
Synchronization Busy register (SYNCBUSY) will be set immediately, and cleared when synchronization is complete. 
If an operation that requires synchronization is executed while the corresponding SYNCBUSY bit is one, a peripheral 
bus error is generated. 
The following bits need synchronization when written: 
e Software Reset bit in the Control A register (CTRLA.SWRST). SYNCBUSY.SWRST is set to one while 
synchronization is in progress. 
e Enable bit in the Control A register (CTRLA.ENABLE). SYNCBUSY.ENABLE is set to one while synchronization 
is in progress. 
e Receiver Enable bit in the Control B register (CTRLB.RXEN). SYNCBUSY.CTRLB is set to one while 
synchronization is in progress. 
CTRLB.RXEN behaves somewhat differently than described above. Refer to CTRLB for details. 


Write-synchronization is denoted by the Write-Synchronized property in the register description. 
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26.7 Register Summary 
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Offset | Name Bit Pos. 
0x00 7:0 RUNSTDBY MODE[2:0] ENABLE SWRST 
0x01 15:8 IBON 
CTRLA 
0x02 23:16 DIPO[1:0] DOPO[1:0] 
0x03 31:24 DORD CPOL CPHA FORM[3:0] 
0x04 7:0 PLOADEN CHSIZE[2:0] 
0x05 15:8 AMODE[1:0] MSSEN SSDE 
CTRLB 

0x06 23:16 RXEN 
0x07 31:24 
0x08 Reserved 
0x09 Reserved 
Ox0A Reserved 
0x0B Reserved 
0x0C BAUD 7:0 BAUD[7:0] 
0x0D Reserved 
Ox0E Reserved 
Ox0F Reserved 
0x10 Reserved 
0x11 Reserved 
0x12 Reserved 
0x13 Reserved 
0x14 INTENCLR 7:0 ERROR SSL RXC TXC DRE 
0x15 Reserved 
0x16 INTENSET 7:0 ERROR SSL RXC TXC DRE 
0x17 Reserved 
0x18 INTFLAG 7:0 ERROR SSL RXC TXC DRE 
0x19 Reserved 
Ox1A 7:0 BUFOVF 

STATUS 
0x1B 15:8 
0x1C #20 CTRLB ENABLE SWRST 
0x1D 15:8 

SYNCBUSY 
Ox1E 23:16 
Ox1F 31:24 
0x20 Reserved 
0x21 Reserved 
0x22 Reserved 
0x23 Reserved 
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Offset | Name Bit Pos. 
0x24 7:0 ADDR[7:0] 
0x25 15:8 
ADDR 
0x26 23:16 ADDRMASK[7:0] 
0x27 31:24 
0x28 70 DATA|7:0] 
DATA 
0x29 15:8 DATA[8] 
Ox2A Reserved 
0x2B Reserved 
0x2C Reserved 
0x2D Reserved 
Ox2E Reserved 
Ox2F Reserved 
0x30 DBGCTRL 7:0 DBGSTOP 
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26.8 Register Description 
Registers can be 8, 16 or 32 bits wide. Atomic 8-, 16- and 32-bit accesses are supported. In addition, the 8-bit 
quarters and 16-bit halves of a 32-bit register and the 8-bit halves of a 16-bit register can be accessed directly. 


Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Write-protection is denoted 
by the Write-Protected property in each individual register description. Refer to “Register Access Protection” on page 
478 for details. 


Some registers require synchronization when read and/or written. Write-synchronization is denoted by the Write- 
Synchronized property in each individual register description. Refer to “Synchronization” on page 486 for details. 


Some registers are enable-protected, meaning they can only be written when the USART is disabled. Enable- 
protection is denoted by the Enable-Protected property in each individual register description. 
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26.8.1 Control A 
Name: CTRLA 
Offset: 0x00 
Reset: 0x00000000 
Property: Write-Protected, Enable-Protected, Write-Synchronized 



















































































Bit 31 30 29 28 27 26 25 24 
DORD CPOL CPHA FORM[3:0] 
Access R R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
| DIPO[1:0] | DOPO[1:0] 
Access R R R/W R/W R R R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
| | | | | zs 
Access R R R R R R R R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
RUNSTDBY MODE[2:0] ENABLE SWRST 
Access R/W R R R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
e Bit 31 — Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
e Bit 30 - DORD: Data Order 
This bit indicates the data order when a character is shifted out from the Data register. 
0: MSB is transferred first. 
1: LSB is transferred first. 
This bit is not synchronized. 
e Bit 29 - CPOL: Clock Polarity 
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In combination with the Clock Phase bit (CPHA), this bit determines the SPI transfer mode. 

0: SCK is low when idle. The leading edge of a clock cycle is a rising edge, while the trailing edge is a falling 
edge. 

1: SCK is high when idle. The leading edge of a clock cycle is a falling edge, while the trailing edge is a rising 
edge. 

This bit is not synchronized. 
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Bit 28 - CPHA: Clock Phase 
In combination with the Clock Polarity bit (CPOL), this bit determines the SPI transfer mode. 


0: The data is sampled on a leading SCK edge and changed on a trailing SCK edge. 
1: The data is sampled on a trailing SCK edge and changed on a leading SCK edge. 
This bit is not synchronized. 


Table 26-5. SPI Transfer Modes 




















1M Cote [=) CPOL CPHA 1M=¥-Co [Tale pm mie (e(=) Trailing Edge 
0x0 0 0 Rising, sample Falling, change 
= 0x1 9 fo 1 Rising, change L Falling, sample 
0x2 1 0 Falling, sample Rising, change 
0x3 1 1 Falling, change Rising, sample 























Bits 27:24 - FORM[3:0]: Frame Format 
Table 26-6 shows the various frame formats supported by the SPI. When a frame format with address is 
selected, the first byte received is checked against the ADDR register. 


Table 26-6. Frame Format 











FORM[3:0] Name DY =X-Yor df} t(eya) 

0x0 SPI SPI frame 

0x1 = 1. Reserved 

0x2 SPI_ADDR SPI frame with address 
0x3-0xF - Reserved 

















Bits 23:22 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bits 21:20 — DIPO[1:0]: Data In Pinout 
These bits define the data in (DI) pad configurations. 


In master operation, DI is MISO. 
In slave operation, DI is MOSI. 
These bits are not synchronized. 


Table 26-7. Data In Pinout 














DIPO[1:0] Name Description 

0x0 PAD[O] SERCOM PAD[(0] is used as data input 
Ox1 PAD[1] SERCOM PAD[1] is used as data input 
Ox2 PAD[2] SERCOM PAD[2] is used as data input 
0x3 PAD[3] SERCOM PADJ{3] is used as data input 
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Bits 19:18 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bit 17:16 - DOPO: Data Out Pinout 

This bit defines the available pad configurations for data out (DO) and the serial clock (SCK). In slave operation, 
the slave select line (_SS) is controlled by DOPO, while in master operation the _SS line is controlled by the 
port configuration. 


In master operation, DO is MOSI. 
In slave operation, DO is MISO. 
These bits are not synchronized. 


Table 26-8. Data Out Pinout 
































pte) -1e) DO SCK Slave_SS Master_SS 
0x0 PAD[0] | PAD[1] PAD[2] System configuration 
0x1 PAD[2] PAD[3] PAD[1] System configuration 
0x2 PAD[3] PAD[1] PAD[2] System configuration 
0x3 PAD[0] PAD[3] PAD[1] System configuration 
e Bits 15:9 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
e Bit 8 -IBON: Immediate Buffer Overflow Notification 
This bit controls when the buffer overflow status bit (STATUS.BUFOVF) is asserted when a buffer overflow 
occurs. 
0: STATUS.BUFOVF is asserted when it occurs in the data stream. 
1: STATUS.BUFOVF is asserted immediately upon buffer overflow. 
This bit is not synchronized. 
e Bit 7- RUNSTDBY: Run In Standby 


This bit defines the functionality in standby sleep mode. 
These bits are not synchronized. 


Table 26-9. Run In Standby Configuration 











RUNSTDBY Master 
0x0 Disabled. All reception is dropped, Generic clock is disabled when ongoing transaction is 
including the ongoing transaction. finished. All interrupts can wake up the device. 
Ox1 Wake on Receive Complete interrupt. Generic clock is enabled while in sleep modes. All 
interrupts can wake up the device. 
e Bits 6:5 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
e Bits 4:2 - MODE: Operating Mode 
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These bits must be written to 0x2 or 0x3 to select the SPI serial communication interface of the SERCOM. 
0x2: SPI slave operation 
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0x3: SPI master operation 
These bits are not synchronized. 


Bit 1 - ENABLE: Enable 
0: The peripheral is disabled or being disabled. 
1: The peripheral is enabled or being enabled. 


Due to synchronization, there is delay from writing CTRLA.ENABLE until the peripheral is enabled/disabled. 
The value written to CTRL.ENABLE will read back immediately and the Synchronization Enable Busy bit in the 
Synchronization Busy register (SYNCBUSY.ENABLE) will be set. SYNCBUSY.ENABLE is cleared when the 
operation is complete. 


This bit is not enable-protected. 


Bit 0 - SWRST: Software Reset 

0: There is no reset operation ongoing. 

1: The reset operation is ongoing. 

Writing a zero to this bit has no effect. 

Writing a one to this bit resets all registers in the SERCOM, except DBGCTRL, to their initial state, and the 
SERCOM will be disabled. 

Writing a one to CTRL.SWRST will always take precedence, meaning that all other writes in the same write- 
operation will be discarded. Any register write access during the ongoing reset will result in an APB error. 
Reading any register will return the reset value of the register. 

Due to synchronization, there is a delay from writing CTRLA.SWRST until the reset is complete. 
CTRLA.SWRST and SYNCBUSY. SWRST will both be cleared when the reset is complete. 


This bit is not enable-protected. 
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26.8.2 Control B 
Name: CTRLB 
Offset: 0x04 
Reset: 0x00000000 
Property: Write-Protected, Enable-Protected 

















































































































Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
RXEN 
Access R R R R R R R/W R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
AMODE[1:0] MSSEN | | SSDE 
Access R/W R/W R/W R R R R/W R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
PLOADEN CHSIZE[2:0] 
Access R R/W R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:18 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bit 17 — RXEN: Receiver Enable 
0: The receiver is disabled or being enabled. 
1: The receiver is enabled or it will be enabled when SPI is enabled. 
Writing a zero to this bit will disable the SPI receiver immediately. The receive buffer will be flushed, data from 
ongoing receptions will be lost and STATUS.BUFOVF will be cleared. 


Writing a one to CTRLB.RXEN when the SPI is disabled will set CTRLB.RXEN immediately. When the SPI is 
enabled, CTRLB.RXEN will be cleared, SYNCBUSY.CTRLB will be set and remain set until the receiver is 
enabled. When the receiver is enabled CTRLB.RXEN will read back as one. 


Writing a one to CTRLB.RXEN when the SPI is enabled will set SYNCBUSY.CTRLB, which will remain set until 
the receiver is enabled, and CTRLB.RXEN will read back as one. 


This bit is not enable-protected. 
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Bit 16 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bits 15:14 - AMODE: Address Mode 
These bits set the slave addressing mode when the frame format (CTRLA.FORM) with address is used. They 
are unused in master mode. 


Table 26-10. Address Mode 


























AMODE[1:0] NN ETuals) Description 
0x0 MASK ADDRMASK is used as a mask to the ADDR register 
Ox1 2_ADDRS The slave responds to the two unique addresses in ADDR and ADDRMASK 
Ox2 RANGE The slave responds to the range of addresses between and including ADDR 
and ADDRMASK. ADDR is the upper limit 
0x3 Reserved 
e Bit 13-—MSSEN: Master Slave Select Enable 


This bit enables hardware slave select (_SS) control. 
0: Hardware _SS control is disabled. 
1: Hardware _SS control is enabled. 


Bits 12:10 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bit 9 - SSDE: Slave Select Low Detect Enable 

This bit enables wake up when the slave select (_SS) pin transitions from high to low. 
0: _SS low detector is disabled. 

1: _SS low detector is enabled. 


Bits 8:7 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bit 6 -PLOADEN: Slave Data Preload Enable 
Setting this bit will enable preloading of the slave shift register when there is no transfer in progress. If the SS 
line is high when DATA is written, it will be transferred immediately to the shift register. 


Bits 5:3 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bits 2:0 - CHSIZE[2:0]: Character Size 


Table 26-11. Character Size 











(oS) 74 440) | WN ETul=) Description 
Ox0 | BBIT | 8 bits 
| ox1 | OBIT | 9 bits 
| 0x2-0x7 | Reserved 
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26.8.3 Baud Rate 
Name: BAUD 
Offset: 0x0C 
Reset: 0x00 
Property: Write-Protected, Enable-Protected 








Bit e 6 5 4 3 2 1 0 
BAUD[7:0] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


e Bits 7:0 - BAUD: Baud Register 
These bits control the clock generation, as described in the SERCOM “Clock Generation — Baud-Rate Genera- 


tor’ on page 433. 
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26.8.4 Interrupt Enable Clear 


This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes in this 
register will also be reflected in the Interrupt Enable Set register (INTENSET). 


Name: INTENCLR 
Offset: 0x14 
Reset: 0x00 


Property: Write-Protected 





























Bit 7 6 5 4 3 2 1 0 
ERROR | | SSL RXC TXC DRE 

Access R/W R R R R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


e Bit 7- ERROR: Error Interrupt Enable 
0: Error interrupt is disabled. 


1: Error interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Error Interrupt Enable bit, which disables the Error interrupt. 


e Bits 6:4 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bit 3- SSL: Slave Select Low Interrupt Enable 
0: Slave Select Low interrupt is disabled. 


1: Slave Select Low interrupt is enabled. 
Writing a zero to this bit has no effect. 


Writing a one to this bit will clear the Slave Select Low Interrupt Enable bit, which disables the Slave Select Low 
interrupt. 


e Bit 2-—RXC: Receive Complete Interrupt Enable 
0: Receive Complete interrupt is disabled. 
1: Receive Complete interrupt is enabled. 
Writing a zero to this bit has no effect. 


Writing a one to this bit will clear the Receive Complete Interrupt Enable bit, which disables the Receive Com- 
plete interrupt. 


e Bit 1-—TXC: Transmit Complete Interrupt Enable 
0: Transmit Complete interrupt is disabled. 


1: Transmit Complete interrupt is enabled. 
Writing a zero to this bit has no effect. 


Writing a one to this bit will clear the Transmit Complete Interrupt Enable bit, which disable the Transmit Com- 
plete interrupt. 


e Bit 0 - DRE: Data Register Empty Interrupt Enable 
0: Data Register Empty interrupt is disabled. 


1: Data Register Empty interrupt is enabled. 
Writing a zero to this bit has no effect. 
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Writing a one to this bit will clear the Data Register Empty Interrupt Enable bit, which disables the Data Register 
Empty interrupt. 
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26.8.5 Interrupt Enable Set 


Bit 


Access 


Reset 
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This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes in this 
register will also be reflected in the Interrupt Enable Clear register (INTENCLR). 


Name: INTENSET 
Offset: 0x16 
Reset: 0x00 


Property: Write-Protected 





























7 6 5 4 3 2 1 0 
ERROR | | SSL RXC TXC DRE 
R/W R R R R/W R/W R/W R/W 

0 0 0 0 0 0 0 0 


Bit 7 - ERROR: Error Interrupt Enable 

0: Error interrupt is disabled. 

1: Error interrupt is enabled. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will set the Error Interrupt Enable bit, which enables the Error interrupt. 


Bits 6:4 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bit 3 - SSL: Slave Select Low Interrupt Enable 
0: Slave Select Low interrupt is disabled. 


1: Slave Select Low interrupt is enabled. 
Writing a zero to this bit has no effect. 


Writing a one to this bit will set the Slave Select Low Interrupt Enable bit, which enables the Slave Select Low 
interrupt. 


Bit 2 - RXC: Receive Complete Interrupt Enable 
0: Receive Complete interrupt is disabled. 

1: Receive Complete interrupt is enabled. 

Writing a zero to this bit has no effect. 


Writing a one to this bit will set the Receive Complete Interrupt Enable bit, which enables the Receive Complete 
interrupt. 


Bit 1 -— TXC: Transmit Complete Interrupt Enable 
0: Transmit Complete interrupt is disabled. 


1: Transmit Complete interrupt is enabled. 
Writing a zero to this bit has no effect. 


Writing a one to this bit will set the Transmit Complete Interrupt Enable bit, which enables the Transmit Com- 
plete interrupt. 


Bit 0 - DRE: Data Register Empty Interrupt Enable 
0: Data Register Empty interrupt is disabled. 


1: Data Register Empty interrupt is enabled. 
Writing a zero to this bit has no effect. 
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Writing a one to this bit will set the Data Register Empty Interrupt Enable bit, which enables the Data Register 
Empty interrupt. 
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26.8.6 Interrupt Flag Status and Clear 


Bit 


Access 


Reset 
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Name: INTFLAG 

Offset: 0x18 

Reset: 0x00 

Property: - 
7 6 5 4 3 2 1 0 

ERROR SSL RXC TXC DRE 
RW R R R RW R RW R 

0 0 0 0 0 0 0 0 


Bit 7 - ERROR: Error 

This flag is cleared by writing a one to it. 

This bit is set when any error is detected. Errors that will set this flag have corresponding status flags in 
the STATUS register. The BUFOVF error will set this interrupt flag. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the flag. 


Bits 6:4 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bit 3 - SSL: Slave Select Low 
This flag is cleared by writing a one to it. 


This bit is set when a high to low transition is detected on the _SS pin in slave mode and Slave Select Low 
Detect (CTRLB.SSDE) is enabled. 


Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the flag. 


Bit 2 - RXC: Receive Complete 
This flag is cleared by reading the Data (DATA) register or by disabling the receiver. 


This flag is set when there are unread data in the receive buffer. If address matching is enabled, the first data 
received in a transaction will be an address. 


Writing a zero to this bit has no effect. 
Writing a one to this bit has no effect. 


Bit 1 -— TXC: Transmit Complete 
This flag is cleared by writing a one to it or by writing new data to DATA. 


In master mode, this flag is set when the data have been shifted out and there are no new data in DATA. 


In slave mode, this flag is set when the _SS pin is pulled high. If address matching is enabled, this flag is only 
set if the transaction was initiated with an address match. 


Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the flag. 


Bit 0 - DRE: Data Register Empty 
This flag is cleared by writing new data to DATA. 


This flag is set when DATA is empty and ready for new data to transmit. 
Writing a zero to this bit has no effect. 
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Writing a one to this bit has no effect. 
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26.8.7 Status 
Name: STATUS 
Offset: Ox1A 
Reset: 0x0000 



























































Property: — 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
BUFOVF 
Access R R R R R R/W R R 
Reset 0 0 0 0 0 0 0 0 


e Bits 15:3 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bit 2- BUFOVF: Buffer Overflow 
Reading this bit before reading DATA will indicate the error status of the next character to be read. 
This bit is cleared by writing a one to the bit or by disabling the receiver. 
This bit is set when a buffer overflow condition is detected. An overflow condition occurs if the two-level receive 
buffer is full when the last bit of the incoming character is shifted into the shift register. All characters shifted into 
the shift registers before the overflow condition is eliminated by reading DATA will be lost. 
When set, the corresponding RxDATA will be 0. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear it. 


e Bits 1:0 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
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26.8.8 Synchronization Busy 
Name: SYNCBUSY 
Offset: 0x1C 
Reset: 0x00000000 














































































































Property: 
Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
CTRLB ENABLE SWRST 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
e Bits 31:3 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
e Bit 2-CTRLB: CTRLB Synchronization Busy 
Writing CTRLB when the SERCOM is enabled requires synchronization. When written, the SYNC- 
BUSY.CTRLB bit will be set until synchronization is complete. If CTRLB is written while SYNCBUSY.CTRLB is 
asserted, an APB error will be generated. 
0: CTRLB synchronization is not busy. 
1: CTRLB synchronization is busy. 
e Bit 1— ENABLE: SERCOM Enable Synchronization Busy 


Atmel 


Enabling and disabling the SERCOM (CTRLA.ENABLE) requires synchronization. When written, the SYNC- 
BUSY.ENABLE bit will be set until synchronization is complete. 


Writes to any register (except for CTRLA.SWRST) while enable synchronization is on-going will be discarded 
and an APB error will be generated. 


0: Enable synchronization is not busy. 
1: Enable synchronization is busy. 
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e Bit 0 -SWRST: Software Reset Synchronization Busy 
Resetting the SERCOM (CTRLA.SWRST) requires synchronization. When written, the SYNCBUSY.SWRST bit 


will be set until synchronization is complete. 

Writes to any register while synchronization is on-going will be discarded and an APB error will be generated. 
0: SWRST synchronization is not busy. 

1: SWRST synchronization is busy. 
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26.8.9 


Address 

Name: ADDR 

Offset: 0x24 

Reset: 0x00000000 

Property: Write-Protected, Enable-Protected 




































































Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
ADDRMASK(7:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
ADDRI7:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
e Bits 31:24 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
e Bits 23:16 - ADDRMASK[7:0]: Address Mask 
These bits hold the address mask when the transaction format (CTRLA.FORM) with address is used. 
e Bits 15:8 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
e Bits 7:0 - ADDR[7:0]: Address 
These bits hold the address when the transaction format (CTRLA.FORM) with address is used. 
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26.8.10 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Data 

Name: DATA 
Offset: 0x28 
Reset: 0x0000 









































Property: — 
15 14 13 12 11 10 9 8 
DATA[8] 
R R R R R R R R/W 
0 0 0 0 0 0 0 0 
7 6 5 4 3 2 1 0 
DATA|7:0] 

R/W R/W R/W R/W R/W R/W R/W R/W 

0 0 0 0 0 0 0 0 


e Bits 15:9 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bits 8:0 — DATA[8:0]: Data 
Reading these bits will return the contents of the receive data buffer. The register should be read only when the 
Receive Complete Interrupt Flag bit in the Interrupt Flag Status and Clear register (INTFLAG.RXC) is set. 
Writing these bits will write the transmit data buffer. This register should be written only when the Data Register 
Empty Interrupt Flag bit in the Interrupt Flag Status and Clear register (INTFLAG.DRE) is set. 


Atmel | SMART SAM D11 [DATASHEET] 507 


A t f Y el Atmel-42363H-SAM-D11-Datasheet_09/2016 





26.8.11 Debug Control 

















Name: DBGCTRL 

Offset: 0x30 

Reset: 0x00 

Property: Write-Protected 
Bit 7 6 5 4 3 2 1 0 

| | | | | | DBGSTOP 

Access R R R R R R R R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 7:1 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bit 0- DBGSTOP: Debug Stop Mode 
This bit controls the functionality when the CPU is halted by an external debugger. 


0: The baud-rate generator continues normal operation when the CPU is halted by an external debugger. 
1: The baud-rate generator is halted when the CPU is halted by an external debugger. 
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27. SERCOM I°C — SERCOM Inter-Integrated Circuit 


27.1 Overview 


The inter-integrated circuit (I?C) interface is one of the available modes in the serial communication interface 
(SERCOM). Refer to “SERCOM — Serial Communication Interface” on page 430 for details. 


The IC interface uses the SERCOM transmitter and receiver configured as shown in Figure 27-1. Fields shown in 
capital letters are registers accessible by the CPU, while lowercase fields are internal to the SERCOM. Each side, 
master and slave, depicts a separate I?C interface containing a shift register, a transmit buffer and a receive buffer. In 
addition, the I?C master uses the SERCOM baud-rate generator, while the IC slave uses the SERCOM address 
match logic. 


27.2 Features 
Master or slave operation 
Can be used with DMA 
Philips IC compatible 
SMBus™ compatible 
PMBus compatible 
100kHz and 400kHz, 1MHz and 3.4MHz support at low system clock frequencies 
Physical interface includes: 
@ Slew-rate limited outputs 
e Filtered inputs 
e Slave operation: 
e Operation in all sleep modes 
e Wake-up on address match 
e 7-bit and 10-bit Address match in hardware for: 
e@ Unique address and/or 7-bit general call address 
e Address range 
e@ Two unique addresses can be used with DMA 


27.3 Block Diagram 


Figure 27-1. I?C Single-Master Single-Slave Interconnection 
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27.4 Signal Description 
Signal Name Type Description 
PAD[0] Digital I/O SDA 
PAD[1] Digital I/O SCL 
PAD[2] Digital 1/O SDA_OUT (4-wire) 
PAD[3] Digital I/O SDC_OUT (4-wire) 
Refer to “!/O Multiplexing and Considerations” on page 13 for details on the pin mapping for this peripheral. One 
signal can be mapped on several pins. Note that not all the pins are I?C pins. Refer to Table 6-1 for details on the pin 
type for each pin. 
27.5 Product Dependencies 
In order to use this peripheral, other parts of the system must be configured correctly, as described below. 
27.5.1 I/O Lines 
Using the SERCOM'’s I/O lines requires the I/O pins to be configured. Refer to “PORT” on page 378 for details. 
27.5.2 Power Management 
The IC will continue to operate in any sleep mode where the selected source clock is running. I?C interrupts can be 
used to wake up the device from sleep modes. The events can trigger other operations in the system without exiting 
sleep modes. Refer to “PIM — Power Manager” on page 110 for details on the different sleep modes. 
27.5.3 Clocks 
The SERCOM bus clock (CLK_SERCOMx_APB, where i represents the specific SERCOM instance number) is 
enabled by default, and can be enabled and disabled in the Power Manager. Refer to “PIM — Power Manager” on page 
110 for details. 
The SERCOM bus clock (CLK_SERCOMx_APB) is enabled by default, and can be enabled and disabled in the 
Power Manager. Refer to “PIM — Power Manager” on page 110 for details. 
Two generic clocks are used by the SERCOM (GCLK_SERCOMx_CORE and GCLK_SERCOM_SLOW). The core 
clock (GCLK_SERCOMx_CORE) is required to clock the SERCOM while operating as a master, while the slow clock 
(GCLK_SERCOM_SLOW) is required only for certain functions. These clocks must be configured and enabled in the 
Generic Clock Controller (GCLK) before using the SERCOM. Refer to “GCLK — Generic Clock Controller’ on page 88 
for details. 
These generic clocks are asynchronous to the SERCOM bus clock (CLK_SERCOMx_APB). Due to this 
asynchronicity, writes to certain registers will require synchronization between the clock domains. Refer to the 
“Synchronization” on page 527 section for further details. 
27.5.4 DMA 
The DMA request lines are connected to the DMA controller (DMAC). Using the SERCOM DMA requests, requires the DMA 
controller to be configured first. Refer to “DMAC — Direct Memory Access Controller’ on page 271 for details. 
27.5.5 Interrupts 
The interrupt request line is connected to the Interrupt Controller. Using the Fc interrupts requires the Interrupt 
Controller to be configured first. Refer to “Nested Vector Interrupt Controller” on page 26 for details. 
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27.5.6 


27.5.7 


27.5.8 


27.5.9 


Events 
Not applicable. 


Debug Operation 


When the CPU is halted in debug mode, the I?C interface continues normal operation. If the I?C interface is configured 
in a way that requires it to be periodically serviced by the CPU through interrupts or similar, improper operation or data 
loss may result during debugging. The I@C interface can be forced to halt operation during debugging. 


Refer to the DBGCTRL register for details. 


Register Access Protection 
All registers with write-access are optionally write-protected by the Peripheral Access Controller (PAC), except the 
following registers: 
e Interrupt Flag Status and Clear register (INTFLAG) 
e Status register (STATUS) 
e Address register (ADDR) 
Data register (DATA) 


Write-protection is denoted by the Write-Protected property in the register description. 


Write-protection does not apply to accesses through en external debugger. Refer to“PAC — Peripheral Access 
Controller” on page 30 for details. 


Analog Connections 


Not applicable. 


27.6 Functional Description 
27.6.1 Principle of Operation 
The IC interface uses two physical lines for communication: 
e Serial Data Line (SDA) for packet transfer 
e Serial Clock Line (SCL) for the bus clock 
A transaction starts with the start condition, followed by a 7-bit address and a direction bit (read or write) sent from the 
I2C master. The addressed IC slave will then acknowledge (ACK) the address, and data packet transactions can 
commence. Every 9-bit data packet consists of 8 data bits followed by a one-bit reply indicating whether the data was 
acknowledged or not. In the event that a data packet is not acknowledged (NACk), whether sent from the I?C slave or 
master, it will be up to the IC master to either terminate the connection by issuing the stop condition, or send a 
repeated start if more data is to be transceived. 
Figure 27-2 illustrates the possible transaction formats and Figure 27-3 explains the legend used. 
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Figure 27-2. Basic I?C Transaction Diagram 
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Figure 27-3. Transaction Diagram Syntax 



























































Bus Driver: Special Bus Conditions 
Master Drives Bus Ss START Condition 
Slave Drives Bus Sr Repeated START Condition 
Either Master or Slave or 
Drives Bus P STOP Condition 
Data Packet Direction: Acknowledge: 
R Master Read A Acknowledge (ACK) 
<7 Loe "Q" 
W | Master Write A | NotAcknowledge (NACK) 
190". "4" 


27.6.2 Basic Operation 


27.6.2.1 Initialization 
The following registers are enable-protected, meaning they can be written only when the I°C interface is disabled 
(CTRLA.ENABLE is zero): 
e Control A register (CTRLA), except Enable (CTRLA.ENABLE) and Software Reset (CTRLA.SWRST) 
e Control B register (CTRLB), except Acknowledge Action (CTRLB.ACKACT) and Command (CTRLB.CMD) 
e Baud Rate register (BAUD) 
e Address register (ADDR) while in slave operation 
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Any writes to these bits or registers when the I7C interface is enabled or is being enabled (CTRLA.ENABLE is one) will 
be discarded. Writes to these registers while the IC interface is being disabled will be completed after the disabling is 


complete. 


Enable-protection is denoted by the Enable-Protection property in the register description. 


Before the I?C interface is enabled, it must be configured as outlined by the following steps: 


IC mode in master or slave operation must be selected by writing 0x4 or 0x5 to the Operating Mode bit group in the 
Control A register (CTRLA.MODE) 


SCL low time-out can be enabled by writing to the SCL Low Time-Out bit in the Control A register 
(CTRLA.LOWTOUT) 


In master operation, the inactive bus time-out can be set in the Inactive Time-Out bit group in the Control 
A register (CTRLA.INACTOUT) 


Hold time for SDA can be set in the SDA Hold Time bit group in the Control A register 
(CTRLA.SDAHOLD) 


Smart operation can be enabled by writing to the Smart Mode Enable bit in the Control B register 
(CTRLB.SMEN) 


In slave operation, the address match configuration must be set in the Address Mode bit group in the 
Control B register (CTRLB.AMODE) 


In slave operation, the addresses must be set, according to the selected address configuration, in the 
Address and Address Mask bit groups in the Address register (ADDR.ADDR and ADDR.ADDRMASk) 


In master operation, the Baud Rate register (BAUD) must be written to generate the desired baud rate 


27.6.2.2 Enabling, Disabling and Resetting 


The I?C interface is enabled by writing a one to the Enable bit in the Control A register (CTRLA.ENABLE). The I?C 
interface is disabled by writing a zero to CTRLA.ENABLE. The I°C interface is reset by writing a one to the Software 
Reset bit in the Control A register (CTRLA.SWRST). All registers in the I2C interface, except DBGCTRL, will be reset 
to their initial state, and the I?C interface will be disabled. Refer to CTRLA for details. 


27.6.2.3 I?7C Bus State Logic 


The bus state logic includes several logic blocks that continuously monitor the activity on the IC bus lines in all sleep 
modes. The start and stop detectors and the bit counter are all essential in the process of determining the current bus 
state. The bus state is determined according to the state diagram shown in Figure 27-4. Software can get the current 
bus state by reading the Master Bus State bits in the Status register (STATUS.BUSSTATE). The value of 
STATUS.BUSSTATE in the figure is shown in binary. 
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Figure 27-4. Bus State Diagram 
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The bus state machine is active when the I?C master is enabled. After the 12? master has been enabled, the bus state 
is unknown. From the unknown state, the bus state machine can be forced to enter the idle state by writing to 
STATUS.BUSSTATE accordingly. However, if no action is taken by software, the bus state will become idle if a stop 
condition is detected on the bus. If the inactive bus time-out is enabled, the bus state will change from unknown to idle 
on the occurrence of a time-out. Note that after a known bus state is established, the bus state logic will not re-enter 
the unknown state from either of the other states. 


When the bus is idle it is ready for a new transaction. If a start condition is issued on the bus by another IC master in 
a multimaster setup, the bus becomes busy until a stop condition is detected. The stop condition will cause the bus to 
re-enter the IDLE state. If the inactive bus time-out (SMBus) is enabled, the bus state will change from busy to idle on 
the occurrence of a time-out. If a start condition is generated internally by writing the Address bit group in the Address 
register (ADDR.ADDR) while in idle state, the owner state is entered. If the complete transaction was performed 
without interference, i.e., arbitration not lost, the |2C master is allowed to issue a stop condition, which in turn will 
cause a change of the bus state back to idle. However, if a packet collision is detected when in the owner state, the 
arbitration is assumed lost and the bus state becomes busy until a stop condition is detected. 


A repeated start condition will change the bus state only if arbitration is lost while issuing a repeated start. 


27.6.2.4 Clock Generation (Standard-mode, Fast-mode and Fast-mode Plus Transfers) 


The Master IC clock (SCL) frequency is determined by a number of factors. The low (T, ow) and high (T jg) times 

are determined by the Baud Rate register (BAUD), while the rise (Trigg) and fall (T-,,_) times are determined by the 

bus topology. Because of the wired-AND logic of the bus, T;,;; will be considered as part of T, ow. Likewise, Trigg will 
be in a state between T, ow and Tyicy until a high state has been detected. 
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Figure 27-5. SCL Timing 
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The following parameters are timed using the SCL low time period. This comes from the Master Baud Rate Low bit 
group in the Baud Rate register (BAUD.BAUDLOW) when non-zero, or the Master Baud Rate bit group in the Baud 
Rate register (BAUD.BAUD) when BAUD.BAUDLOW is zero. 


@ Tow — Low period of SCL clock 

Tsu:sto — Set-up time for stop condition 

Tur — Bus free time between stop and start conditions 

Tup:sta — Hold time (repeated) start condition 

Tsu:sta — Set-up time for repeated start condition 

Tuicu is timed using the SCL high time count from BAUD.BAUD 


Trise is determined by the bus impedance; for internal pull-ups. Refer to “Electrical Characteristics” on 
page 858 for details. 


e Tea is determined by the open-drain current limit and bus impedance; can typically be regarded as zero. 
Refer to “Electrical Characteristics” on page 858 for details. 


The SCL frequency is given by: 





¥ 1 
SE Tow + Linen + Trise 


When BAUD.BAUDLOW is zero, the BAUD.BAUD value is used to time both SCL high and SCL low. In this case the 
following formula will give the SCL frequency: 


Te 


S sx 7 2(5+BAUD)+ f 





T, 
GcLK RISE 


When BAUD.BAUDLOW is non-zero, the following formula is used to determine the SCL frequency: 


eo 


S sc." 0 BAUD + BAUDLOW+ fF. Tax 
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When BAUDLOW is non-zero, the following formula can be used to determine the SCL frequency: 





f Ti 


SL 10+ BAUD+ BAUDLOW + ff ae 


The following formulas can be used to determine the SCL T, ow and Tyigy times: 








_ BAUD.BAUDLOW +5 
T low i 
GCLK 
_ BAUD.BAUD +5 
sia J GCLK 


For Fast-mode Plus the nominal high to low SCL ratio is 1 to 2 and BAUD should be set accordingly. At a minimum, 
BAUD.BAUD and/or BAUD.BAUDLOW must be non-zero. 


27.6.2.5 Master Clock Generation (High-speed mode Transfer) 


For High-speed mode transfers, there is no SCL synchronization, so the SCL frequency is determined by the GCLK 
frequency and the High-speed BAUD setting. When HSBAUDLOW is zero, the HSBAUD value is used to time both 
SCL high and SCL low. In this case the following formula can be used to determine the SCL frequency. 





a 


sc. 2(1+ HSBAUD) 


When HSBAUDLOW is non-zero, the following formula can be used to determine the SCL frequency. 


tae 


ee 2+ HSBAUD + HSBAUDLOW 





For High-speed the nominal high to low SCL ratio is 1 to 2 and HSBAUD should be set accordingly. At a minimum, 
BAUD.BAUD and/or BAUD.BAUDLOW must be non-zero. 


27.6.2.6 I?C Master Operation 


The IC master is byte-oriented and interrupt based. The number of interrupts generated is kept at a minimum by 
automatic handling of most events. Auto-triggering of operations and a special smart mode, which can be enabled by 
writing a one to the Smart Mode Enable bit in the Control A register (CTRLA.SMEN), are included to reduce software 
driver complexity and code size. 


The I2C master has two interrupt strategies. When SCL Stretch Mode (CTRLA.SCLSM) is set to zero, SCL is 
stretched before or after the acknowledge bit . In this mode the IC master operates according to the behavior 
diagram shown in Figure 27-6. The circles with a capital letter M followed by a number (M1, M2... etc.) indicate which 
node in the figure the bus logic can jump to based on software or hardware interaction. 


This diagram is used as reference for the description of the I@C master operation throughout the document. 
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Figure 27-6. I?C Master Behavioral Diagram (SCLSM=0) 
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In the second strategy (SCLSM=1), interrupts only occur after the ACK bit as shown in Figure 27-7. This strategy can 
be used when it is not necessary to check DATA before acknowledging. 


Note that setting SCLSM to 1 is required for High-speed mode. 
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Figure 27-7. I?C Master Behavioral Diagram (SCLSM=1) 
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Transmitting Address Packets 


The I?C master starts a bus transaction by writing ADDR.ADDR with the IC slave address and the direction bit. If the 
bus is busy, the IC master will wait until the bus becomes idle before continuing the operation. When the bus is idle, 
the IC master will issue a start condition on the bus. The IC master will then transmit an address packet using the 
address written to ADDR.ADDR. 


After the address packet has been transmitted by the IC master, one of four cases will arise, based on arbitration and 
transfer direction. 


Case 1: Arbitration lost or bus error during address packet transmission 


If arbitration was lost during transmission of the address packet, the Master on Bus bit in the Interrupt Flag register 
(INTFLAG.MB) and the Arbitration Lost bit in the Status register (STATUS.ARBLOST) are both set. Serial data output 
to SDA is disabled, and the SCL is released, which disables clock stretching. In effect the IC master is no longer 
allowed to perform any operation on the bus until the bus is idle again. A bus error will behave similarly to the 
arbitration lost condition. In this case, the MB interrupt flag and Master Bus Error bit in the Status register 
(STATUS.BUSERR) are both set in addition to STATUS.ARBLOST. 


The Master Received Not Acknowledge bit in the Status register (STATUS.RXNACK) will always contain the last 
successfully received acknowledge or not acknowledge indication. 


In this case, software will typically inform the application code of the condition and then clear the interrupt flag before 
exiting the interrupt routine. No other flags have to be cleared at this point, because all flags will be cleared 
automatically the next time the ADDR.ADDR register is written. 


Case 2: Address packet transmit complete — No ACK received 


If no I?C slave device responds to the address packet, then the INTFLAG.MB interrupt flag is set and 
STATUS.RXNACK is set. The clock hold is active at this point, preventing further activity on the bus. 


The missing ACK response can indicate that the I7C slave is busy with other tasks or sleeping and, therefore, not able 
to respond. In this event, the next step can be either issuing a stop condition (recommended) or resending the 
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address packet by using a repeated start condition. However, the reason for the missing acknowledge can be that an 
invalid IC slave address has been used or that the I?C slave is for some reason disconnected or faulty. If using 
SMBus logic, the slave must ACK the address, and hence no action means the slave is not available on the bus. 
Case 3: Address packet transmit complete — Write packet, Master on Bus set 


If the I2C master receives an acknowledge response from the I?C slave, INTFLAG.MB is set and STATUS.RXNACK is 
cleared. The clock hold is active at this point, preventing further activity on the bus. 
In this case, the software implementation becomes highly protocol dependent. Three possible actions can enable the 
IC operation to continue. The three options are: 

e The data transmit operation is initiated by writing the data byte to be transmitted into DATA.DATA. 

e Transmit a new address packet by writing ADDR.ADDR. A repeated start condition will automatically be 

inserted before the address packet. 
e Issue a stop condition, consequently terminating the transaction. 


Case 4: Address packet transmit complete — Read packet, Slave on Bus set 


If the °C master receives an ACK from the I?C slave, the I@C master proceeds to receive the next byte of data from 
the IC slave. When the first data byte is received, the Slave on Bus bit in the Interrupt Flag register (INTFLAG.SB) is 
set and STATUS.RXNACK is cleared. The clock hold is active at this point, preventing further activity on the bus. 


In this case, the software implementation becomes highly protocol dependent. Three possible actions can enable the 
IC operation to continue. The three options are: 
e Let the I?C master continue to read data by first acknowledging the data received. This is automatically 
done when reading DATA.DATA if the smart mode is enabled. 
e Transmit a new address packet. 
e Terminate the transaction by issuing a stop condition. 


An ACK or NACK will be automatically transmitted for the last two alternatives if smart mode is enabled. The 
Acknowledge Action bit in the Control B register (CTRLB.ACKACT) determines whether ACK or NACK should be 
sent. 


Transmitting Data Packets 


When an address packet with direction set to write has been successfully transmitted, INTFLAG.MB will be set and 
the I2C master can start transmitting data by writing to DATA.DATA. The I?C master transmits data via the I?C bus 
while continuously monitoring for packet collisions. If a collision is detected, the IC master looses arbitration and 
STATUS.ARBLOST is set. If the transmit was successful, the I2C master automatically receives an ACK bit from the 
I?C slave and STATUS.RXNACK will be cleared. INTFLAG.MB will be set in both cases, regardless of arbitration 
outcome. 


Testing STATUS.ARBLOST and handling the arbitration lost condition in the beginning of the IC Master on Bus 
interrupt is recommended. This can be done, as there is no difference between handling address and data packet 
arbitration. 


STATUS.RXNACK must be checked for each data packet transmitted before the next data packet transmission can 
commence. The I?C master is not allowed to continue transmitting data packets if a NACK is given from the I7C slave. 


Receiving Data Packets (SCLSM=0) 


When INTFLAG.SB is set, the IC master will already have received one data packet. The IC master must respond 
by sending either an ACK or NACK. Sending a NACK might not be successfully executed as arbitration can be lost 
during the transmission. In this case, a loss of arbitration will cause INTFLAG.SB to not be set on completion. Instead, 
INTFLAG.MB will be used to indicate a change in arbitration. Handling of lost arbitration is the same as for data bit 
transmission. 


Receiving Data Packets (SCLSM=1) 


When INTFLAG.SB is set, the IC master will already have received one data packet and transmitted the ACKACT bit. 
At this point the ACKACT must be set to the correct value for the next ACK bit, and the transaction can continue by 
reading DATA and issuing a command if not in smart mode. 
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High-speed Mode 


High-speed transfers are a multi-step process as shown in Figure 27-8. First, a master code (0000 1nnn where nnn is 
a unique master code) is transmitted in Full-speed mode, followed by a NACK since no slave should acknowledge. 
Arbitration is performed only during the Full-speed Master Code phase. The master code is transmitted by writing the 
master code to the address register (ADDR) with the high-speed bit (ADDR.HS) written to zero. 


After the Master Code and NACK have been transmitted, the master write interrupt will be asserted. At this point, 
the slave address can be written to the ADDR register with the ADDR.HS bit set to one. The master will then generate 
a repeated start followed by the slave address in High-speed mode. The bus will remain in High-speed mode until a 
stop is generated. If a repeated start is desired, the ADDR.HS bit must again be written to 1 along with the new 
address to be transmitted. 


Figure 27-8. High Speed Transfer 
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Transmitting in High-speed mode requires the I2C master to be configured in High-speed mode (SPEED=0b10) and 
the SCL clock stretch mode (SCLSM) bit set to one. 


10-Bit Addressing 


When 10-bit addressing is enabled (TENBITEN=1) and the ADDR register is written, the two address bytes will be 
transmitted as shown in Figure 27-9. The addressed slave acknowledges the two address bytes and the transaction 
continues. Regardless of whether the transaction is a read or write, the master must start by sending the 10-bit 
address with the read/write bit (ADDR.ADDR[0]) equal to zero. 


If the master receives a NACK after the first byte, then the write interrupt flag will be raised and the NACK bit will be 
set. If the first byte is acknowledged by one or more slaves, then the master will proceed to transmit the second 
address byte and the master will first see the write interrupt flag after the second byte is transmitted. 


If the transaction is a read, the 10-bit address transmission must be followed by a repeated start and the first 7 bits of 
the address with the read/write bit equal to 1. 


Figure 27-9. 10-Bit Address Transmission for a Read Transaction 
MASTER WRITE INTERRUPT 


S 411110 addr[9:8] |W] A addr[7:0] A +> s 


This implies the following procedure for a 10-bit read operation: 


e Write ADDR.ADDR[10:1] with the 10-bit address. ADDR.TENBITEN must be set (can be written simultaneously 
with ADDR) and read/write bit (ADDR.ADDR[0]) equal to 0. 


e When the master write interrupt is asserted, write ADDR[7:0] register to “11110 address[9:8] 1”. 
ADDR.TENBITEN must be cleared (can be written simultaneously with ADDR). 


e Proceed to transmit data. 
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11110 addr[9:8] | RA 
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27.6.2.7 I?C Slave Operation 


The IC slave is byte-oriented and interrupt-based. The number of interrupts generated is kept at a minimum by 
automatic handling of most events. Auto triggering of operations and a special smart mode, which can be enabled by 
writing a 1 to the Smart Mode Enable bit in the Control A register (CTRLA.SMEN), are included to reduce software’s 


complexity and code size. 


The IC slave has two interrupt strategies. When SCL Stretch Mode (CTRLA.SCLSM) is set to zero, SCL is stretched 
before or after the acknowledge bit. In this mode, the I?C slave operates according to the behavior diagram shown in 
Figure 27-10. The circles with a capital S followed by a number (S1, S2... etc.) indicate which node in the figure the 

bus logic can jump to based on software or hardware interaction. 


This diagram is used as reference for the description of the IC 


Figure 27-10.I2C Slave Behavioral Diagram (SCLSM=0) 
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In the second strategy (SCLSM=1), interrupts only occur after the ACK bit as shown in Figure 27-11. This strategy can 
be used when it is not necessary to check DATA before acknowledging. For master reads, an address and data 
interrupt will be issued simultaneously after the address acknowledge, while for master writes, the first data interrupt 


will be seen after the first data byte has been received by the slave and the acknowledge bit has been sent to the 


master. 


Note that setting SCLSM to 1 is required for High-speed mode. 
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Figure 27-11.Slave Behavioral Diagram (SCLSM=1) 
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Receiving Address Packets (SCLSM=0) 


When SCLSM is zero, the I?C slave stretches the SCL line according to Figure 27-10. When the I7C slave is properly 
configured, it will wait for a start condition to be detected. When a start condition is detected, the successive address 
packet will be received and checked by the address match logic. If the received address is not a match, the packet is 
rejected and the I?C slave waits for a new start condition. The IC slave Address Match bit in the Interrupt Flag register 
(INTFLAG.AMATCH) is set when a start condition followed by a valid address packet is detected. SCL will be 
stretched until the IC slave clears INTFLAG.AMATCH. Because the I°C slave holds the clock by forcing SCL low, the 
software is given unlimited time to respond to the address. 


The direction of a transaction is determined by reading the Read / Write Direction bit in the Status register 
(STATUS.DIR), and the bit will be updated only when a valid address packet is received. 


If the Transmit Collision bit in the Status register (STATUS.COLL) is set, this indicates that the last packet addressed 
to the I?C slave had a packet collision. A collision causes the SDA and SCL lines to be released without any 
notification to software. The next AMATCH interrupt is, therefore, the first indication of the previous packet's collision. 
Collisions are intended to follow the SMBus Address Resolution Protocol (ARP). 


After the address packet has been received from the IC master, one of two cases will arise based on transfer 
direction. 

Case 1: Address packet accepted — Read flag set 

The STATUS.DIR bit is one, indicating an I?C master read operation. The SCL line is forced low, stretching the bus 
clock. If an ACK is sent, I?C slave hardware will set the Data Ready bit in the Interrupt Flag register (INTFLAG.DRDY), 


indicating data are needed for transmit. If not acknowledge is sent, the I?C slave will wait for a new start condition and 
address match. 


Typically, software will immediately acknowledge the address packet by sending an ACK/NACK bit. The I2C slave 
command CTRLB.CMD = 3 can be used for both read and write operation as the command execution is dependent on 
the STATUS.DIR bit. 


Writing a one to INTFLAG.AMATCH will also cause an ACK/NACK to be sent corresponding to the CTRLB.ACKACT 
bit. 
Case 2: Address packet accepted — Write flag set 


Atmel | SMART SAM D11 [DATASHEET 522 
Atmel | 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





The STATUS.DIR bit is cleared, indicating an IC master write operation. The SCL line is forced low, stretching the 
bus clock. If an ACK is sent, the I?C slave will wait for data to be received. Data, repeated start or stop can be 
received. 


If not acknowledge is sent, the |?C slave will wait for a new start condition and address match. 


Typically, software will immediately acknowledge the address packet by sending an ACK/NACK bit. The I2C slave 
command CTRLB.CMD = 3 can be used for both read and write operation as the command execution is dependent on 
STATUS.DIR. 


Writing a one to INTFLAG.AMATCH will also cause an ACK/NACK to be sent corresponding to the CTRLB.ACKACT 
bit. 
Receiving Address Packets (SCLSM=1) 


When SCLSM is one, the I7C slave only stretches the SCL line after an acknowledge according to Figure 27-11. 
When the I?C slave is properly configured, it will wait for a start condition to be detected. When a start condition is 
detected, the successive address packet will be received and checked by the address match logic. If the received 
address is not a match, the packet is rejected and the IC slave waits for a new start condition. If the address matches, 
the acknowledge action (CTRLB.ACKACT) is automatically sent and the Address Match bit in the Interrupt Flag 
register (INTFLAG.AMATCH) is set. SCL will be stretched until the I@C slave clears INTFLAG.AMATCH. Because the 
IC slave holds the clock by forcing SCL low, the software is given unlimited time to respond to the address. 

The direction of a transaction is determined by reading the Read / Write Direction bit in the Status register 
(STATUS.DIR), and the bit will be updated only when a valid address packet is received. 

If the Transmit Collision bit in the Status register (STATUS.COLL) is set, this indicates that the last packet addressed 
to the IC slave had a packet collision. A collision causes the SDA and SCL lines to be released without any 
notification to software. The next AMATCH interrupt is, therefore, the first indication of the previous packet's collision. 
Collisions are intended to follow the SMBus Address Resolution Protocol (ARP). 

After the address packet has been received from the I2C master, a one can be written to INTFLAG.AMATCH to clear 
it. 

Receiving and Transmitting Data Packets (SCLSM=0) 

After the IC slave has received an address packet, it will respond according to the direction either by waiting for the 
data packet to be received or by starting to send a data packet by writing to DATA.DATA. When a data packet is 


received or sent, INTFLAG.DRDY will be set. Then, if the IC slave was receiving data, it will send an acknowledge 
according to CTRLB.ACKACT. 


Case 1: Data received 
INTFLAG.DRDY is set, and SCL is held low pending SW interaction. 
Case 2: Data sent 


When a byte transmission is successfully completed, the INTFLAG.DRDY interrupt flag is set. If NACK is received, 
the I?C slave must expect a stop or a repeated start to be received. The I?C slave must release the data line to allow 
the IC master to generate a stop or repeated start. 


Upon stop detection, the Stop Received bit in the Interrupt Flag register (INTFLAG.PREC) will be set and the IC 
slave will return to the idle state. 


High Speed Mode 


When the I?C slave is configured in High-speed mode (CTRLA.SPEED=0x2) with SCLSM set to one, switching 
between Full-speed and High-speed modes is automatic. When the slave recognizes a START followed by a master 
code transmission and a NACK, it automatically switches to High-speed mode and sets the High-speed status bit 
(STATUS.HS). The slave will then remain in High-speed mode until a STOP is received. 
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10-Bit Addressing 


When 10-bit addressing is enabled (ADDR.TENBITEN=1) the two address bytes following a START will be checked 
against the 10-bit slave address recognition. The first byte of the address will always be acknowledged and the 
second byte will raise the address interrupt flag as shown in Figure 27-12. 


If the transaction is a write, then the 10-bit address will be followed by N data bytes. 


If the operation is a read, the 10-bit address will be followed by a repeated START and reception of “11110 ADDR[9:8] 
1” and the second address interrupt will be received with the DIR bit set. The slave matches on the second address as 
it remembers that is was addressed by the previous 10-bit address. 


Figure 27-12.10-bit Addressing 
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When the group command bit is set (CTRLB.GCMD) and 7-bit addressing is used, a STOP interrupt will be generated 
if the slave has been addressed since the last STOP condition. 


The group command protocol is used to send commands to more than one device. The commands are sent in one 
continuous transmission with a single STOP condition at the end. When the STOP condition is detected by the slaves 
addressed during the group command, they all begin executing the command they received. 


Figure 27-13 shows an example where this slave is addressed by ADDRESS 1. This slave is addressed after a 
repeated START condition. There can be multiple slaves addressed before and after, then at the end of the group 
command, a single STOP is generated by the master. At this point a STOP interrupt is asserted. 


Figure 27-13.PMBus Group Command Example 
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27.6.3 Additional Features 
27.6.3.1 SMBus 


The IC hardware incorporates three hardware SCL low time-outs which allows a time-out to occur for SMBus SCL 
low time-out, master extend time-out, and slave extend time-out. These time-outs are driven by the 
GCLK_SERCOM_SLOW clock. The GCLK_SERCOM_SLOW clock is used to accurately time the time-out and must 
be configured to used a 32kHz oscillator. The I?C interface also allows for an SMBus compatible SDA hold time. 
© Trimeout: SCL low time of 25-35 ms. — Measured for a single SCL low period. Enabled by bit 
CTRLA.LOWTOUTEN. 
© = TLow-sexr- Cumulative clock low extend time of 25 ms — Measured as the cumulative SCL low extend time by a 
slave device in a single message from the initial START to the STOP. Enabled by bit CTRLA.SEXTTOEN. 
@ = TLow-mexr. Cumulative clock low extend time of 10 ms. — Measured as the cumulative SCL low extend time 
by the master device within a single byte from START-to-ACK, ACK-to-ACK, or ACK-to-STOP. Enabled by 
bit (CTRLA.MEXTTOEN. 


27.6.3.2 Smart Mode 


The I°C interface incorporates a special smart mode that simplifies application code and minimizes the user 
interaction needed to keep hold of the I?C protocol. The smart mode accomplishes this by letting the reading of 
DATA.DATA automatically issue an ACK or NACK based on the state of CTRLB-ACKACT. 


27.6.3.3 4-Wire Mode 


Setting the Pin Usage bit in the Control A register (CTRLA.PINOUT) for master or slave to 4-wire mode enables 
operation as shown in Figure 27-14. In this mode, the internal I2C tri-state drivers are bypassed, and an external, 12C- 
compliant tri-state driver is needed when connecting to an IC bus. 


Figure 27-14.I2C Pad Interface 
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27.6.3.4 Quick Command 


Setting the Quick Command Enable bit in the Control B register (CTRLB.QCEN) enables quick command. When 
quick command is enabled, the corresponding interrupt flag is set immediately after the slave acknowledges the 
address. At this point, the software can either issue a stop command or a repeated start by writing CTRLB.CMD or 
ADDR.ADDR. 
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27.6.4 DMA, Interrupts and Events 


Table 27-1. Module Request for SERCOM I’C Slave 
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Table 27-2. Module Request for SERCOM I7C Master 
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27.6.4.1 DMA Operation 
Smart mode (CTRLB.SMEN) must be enabled for DMA operation. 


Slave DMA 
When using the IC slave with DMA, an address match will cause the address interrupt flag (INTFLAG.ADDRMATCH) 


to be raised. After the interrupt has been serviced, data transfer will be performed through DMA. 


The I?C slave generates the following requests: 


e Write data received (RX): The request is set when master write data is received. The request is cleared when 


DATA is read. 


e Read data needed for transmit (TX): The request is set when data is needed for a master read operation. The 


request is cleared when DATA is written. 


Master DMA 


When using the IC master with DMA, the ADDR register must be written with the desired address (ADDR.ADDR), 
transaction length (ADDR.LEN), and transaction length enable (ADDR.LENEN). When ADDR.LENEN is written to 1 
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along with ADDR.ADDR, ADDR.LEN determines the number of data bytes in the transaction from 0 to 255. DMA is 
then used to transfer ADDR.LEN bytes followed by an automatically generated NACK (for master reads) and a STOP. 


If a NACK is received by the slave for a master write transaction before ADDR.LEN bytes, a STOP will be 
automatically generated and the length error (STATUS.LENERR) will be raised along with the INTFLAG.ERROR 
interrupt. 
The I?C master generates the following requests: 
e Read data received (RX): The request is set when master read data is received. The request is cleared when 
DATA is read. 


e Write data needed for transmit (TX): The request is set when data is needed for a master write operation. The 
request is cleared when DATA is written. 


27.6.4.2 Interrupts 


The I°C slave has the following interrupt sources: 

e Error 

e Data Ready 

e Address Match 

e Stop Received 
The I?C master has the following interrupt sources: 

e Error 

e Slave on Bus 

e Master on Bus 
Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status and Clear 
register (INTFLAG) is set when the interrupt condition occurs. Each interrupt can be individually enabled by writing a 
one to the corresponding bit in the Interrupt Enable Set register (INTENSET), and disabled by writing a one to the 
corresponding bit in the Interrupt Enable Clear register (INTENCLR). An interrupt request is generated when the 
interrupt flag is set and the corresponding interrupt is enabled. The interrupt request remains active until the interrupt 
flag is cleared, the interrupt is disabled or the I@C is reset. See INTFLAG for details on how to clear interrupt flags. 


The I?C has one common interrupt request line for all the interrupt sources. The user must read INTFLAG to 
determine which interrupt condition is present. 


Note that interrupts must be globally enabled for interrupt requests to be generated. Refer to “Nested Vector Interrupt 
Controller” on page 26 for details. 


27.6.4.3 Events 


27.6.5 


27.6.6 


Not applicable. 


Sleep Mode Operation 


During I?C master operation, the generic clock (GCLK_SERCOMx_CORE) will continue to run in idle sleep mode. If 
the Run In Standby bit in the Control A register (CTRLA.RUNSTDBY) is one, the GLK_SERCOMx_CORE will also 
run in standby sleep mode. Any interrupt can wake up the device. 


If CTRLA.RUNSTDBY is zero during IC master operation, the GLK_SERCOMx_CORE will be disabled when an 
ongoing transaction is finished. Any interrupt can wake up the device. 


During I7C slave operation, writing a one to CTRLA.RUNSTDBY will allow the Address Match interrupt to wake up the 
device. 


In |2C slave operation, all receptions will be dropped when CTRLA.RUNSTDBY is zero. 


Synchronization 


Due to the asynchronicity between CLK_SERCOMx_APB and GCLK_SERCOMx_CORE, some registers must be 
synchronized when accessed. A register can require: 
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Synchronization when written 
Synchronization when read 
Synchronization when written and read 
No synchronization 


When executing an operation that requires synchronization, the corresponding Synchronization Busy bit in the 
Synchronization Busy register (SYNCBUSY) will be set immediately, and cleared when synchronization is complete. 


If an operation that requires synchronization is executed while the corresponding SYNCBUSY bit is one, a peripheral 
bus error is generated. 


The following bits need synchronization when written: 


Software Reset bit in the Control A register (CTRLA.SWRST). SYNCBUSY.SWRST is set to one while 
synchronization is in progress. 

Enable bit in the Control A register (CTRLA.ENABLE). SYNCBUSY.ENABLE is set to one while 
synchronization is in progress. 

Write to Bus State bits in the Status register (STATUS.BUSSTATE). SYNCBUSY.SYSOP is set to one 
while synchronization is in progress. 

Address bits in the Address register (ADDR.ADDR) when in master operation. SYNCBUSY.SYSOP is set 
to one while synchronization is in progress. 

Data (DATA) when in master operation. SYNCBUSY.SYSOP is set to one while synchronization is in 
progress. 


Write-synchronization is denoted by the Write-Synchronized property in the register description. 
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27.7 Register Summary 


Table 27-3. Register Summary — Slave Mode 
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0x00 7:0 RUNSTDBY MODE[2:0]=100 ENABLE SWRST 
0x01 15:8 
CTRLA 
0x02 23:16 SEXTTOEN SDAHOLD[1:0] PINOUT 
0x03 31:24 LOWTOUT SCLSM SPEED[1:0] 
0x04 7:0 
0x05 15:8 AMODE[1:0] AACKEN GCMD SMEN 
CTRLB 
0x06 23:16 ACKACT CMD[1:0] 
0x07 31:24 
0x08 Reserved 
Reserved 
0x13 Reserved 
0x14 INTENCLR 7:0 ERROR DRDY AMATCH PREC 
0x15 Reserved 
0x16 INTENSET 7:0 ERROR DRDY AMATCH PREC 
0x17 Reserved 
0x18 INTFLAG 7:0 ERROR DRDY AMATCH PREC 
0x19 Reserved 
Ox1A 10 CLKHOLD LOWTOUT SR DIR RXNACK COLL BUSERR 
STATUS 
0x1B 15:8 SYNCBUSY HS SEXTTOUT 
Atmel | SMART SAM D11 [DATASHEET] 529 





Table 27-3. Register Summary — Slave Mode (Continued) 

















































































































Bit 
Offset ETC} Pos. 
Ox1C 10 ENABLE SWRST 
0x1D 15:8 
SYNCBUSY 

Ox1E 23:16 

Ox1F 31:24 

0x20 Reserved 

0x21 Reserved 

0x22 Reserved 

0x23 Reserved 

0x24 7:0 ADDRJ[6:0] GENCEN 
0x25 15:8 TENBITEN ADDRI[9:7] 

ADDR 

0x26 23:16 ADDRMASKJ[6:0] 

0x27 31:24 ADDRMASK[(9:7] 

0x28 7:0 DATA|7:0] 

DATA 
0x29 15:8 
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Table 27-4. Register Summary — Master Mode 












































































































































Offset 
0x00 7:0 RUNSTDBY MODE[2:0]=101 ENABLE SWRST 
0x01 15:8 
CTRLA 
0x02 23:16 SEXTTOEN MEXTTOEN SDAHOLD[1:0] PINOUT 
0x03 31:24 LOWTOUT INACTOUT[1:0] SCLSM SPEED[1:0] 
0x04 7:0 
0x05 15:8 QCEN SMEN 
CTRLB 
0x06 23:16 ACKACT CMD[1:0] 
0x07 31:24 
0x08 Reserved 
0x09 Reserved 
Ox0A Reserved 
0x0B Reserved 
0x0C 7:0 BAUD[7:0] 
0x0D 15:8 BAUDLOW/[7:0] 
BAUD 
Ox0E 23:16 HSBAUD[7:0] 
Ox0F 31:24 HSBAUDLOW|[7:0] 
0x10 Reserved 
0x11 Reserved 
0x12 Reserved 
0x13 Reserved 
0x14 INTENCLR 7:0 ERROR SB MB 
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Table 27-4. 


Register Summary — Master Mode (Continued) 





































































































0x15 Reserved 
0x16 INTENSET 7:0 ERROR SB MB 
0x17 Reserved 
0x18 INTFLAG 7:0 ERROR SB MB 
0x19 Reserved 
Ox1A 7:0 CLKHOLD LOWTOUT BUSSTATE[1:0] RXNACK ARBLOST BUSERR 

STATUS 
0x1B 15:8 LENERR SEXTTOUT = MEXTTOUT 
0x1C 7:0 SYSOP ENABLE SWRST 
0x1D 15:8 

SYNCBUS 

¥ 
Ox1E 23:16 
Ox1F 31:24 
0x20 Reserved 
0x21 Reserved 
0x22 Reserved 
0x23 Reserved 
Atmel | SMART SAM D11 [DATASHEET] 532 


Atmel 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





Table 27-4. Register Summary — Master Mode (Continued) 






















































































Bit 
Offset Name key) 
0x24 7:0 ADDRI7:0] 
0x25 15:8 TENBITEN HS LENEN ADDR[10:8] 
ADDR 
0x26 23:16 LEN[7:0] 
0x27 31:24 
0x28 7:0 DATA|7:0] 
DATA 
0x29 15:8 
Ox2A Reserved 
Reserved 
Ox2F Reserved 
0x30 DBGCTRL 7:0 DBGSTOP 
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27.8 Register Description 


Registers can be 8, 16 or 32 bits wide. Atomic 8-, 16- and 32-bit accesses are supported. In addition, the 8-bit 
quarters and 16-bit halves of a 32-bit register and the 8-bit halves of a 16-bit register can be accessed directly. 


Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Write-protection is denoted 
by the Write-Protected property in each individual register description. Please refer to“Register Access Protection” on 
page 511 for details. 

Some registers require synchronization when read and/or written. Synchronization is denoted by the Write- 
Synchronized or the Read-Synchronized property in each individual register description. Please refer to 
“Synchronization” on page 527 for details. 


Some registers are enable-protected, meaning they can only be written when the I?C is disabled. Enable-protection is 
denoted by the Enable-Protected property in each individual register description. 
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27.8.1 IC Slave Register Description 


27.8.1.1 Control A 





































































































Name: CTRLA 

Offset: 0x00 

Reset: 0x00000000 

Property: Write-Protected, Enable-Protected, Write-Synchronized 
Bit 31 30 29 28 27 26 25 24 

LOWTOUT SCLSM SPEED[1:0] 
Access R R/W R R R/W R R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
SEXTTOEN SDAHOLD[1:0] PINOUT 
Access R/W R R/W R/W R R R R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
RUNSTDBY | | MODE[2:0]=100 ENABLE SWRST 
Access R/W R R R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
e Bit 31 —- Reserved 


Atmel 


This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bit 30 - LOWTOUT: SCL Low Time-Out 

This bit enables the SCL low time-out. If SCL is held low for 25ms-35ms, the slave will release its clock hold, if 
enabled, and reset the internal state machine. Any interrupts set at the time of time-out will remain set. 

0: Time-out disabled. 

1: Time-out enabled. 


Bits 29:28 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bit 27— SCLSM: SCL Clock Stretch Mode 
This bit controls when SCL will be stretch for software interaction. 


0: SCL stretch according to Figure 27-7 
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1: SCL stretch only after ACK bit according to Figure 27-10. 
This bit is not synchronized. 


Bit 26— Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bits 25:24 — SPEED[1:0]: Transfer Speed 
These bits define bus speed. 


Table 27-5. Transfer Speed 


Value Description 



































0x0 Standard-mode (Sm) up to 100 kHz and Fast-mode (Fm) up to 400 kHz 
0x1 Fast-mode Plus (Fm+) up to 1 MHz 
Ox2 High-speed mode (Hs-mode) up to 3.4 MHz 
0x3 Reserved 
These bits are not synchronized. 
e Bit 23 - SEXTTOEN: Slave SCL Low Extend Time-Out 
This bit enables the slave SCL low extend time-out. If SCL is cumulatively held low for greater than 25ms 
from the initial START to a STOP, the slave will release its clock hold if enabled and reset the internal 
state machine. Any interrupts set at the time of time-out will remain set. If the address was recognized, 
PREC will be set when a STOP is received. 
0: Time-out disabled 
1: Time-out enabled 
This bit is not synchronized. 
e Bit 22 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
e Bits 21:20 - SDAHOLD[1:0]: SDA Hold Time 
These bits define the SDA hold time with respect to the negative edge of SCL. 
Table 27-6. SDA Hold Time 
Value Name DY =X-Yora | ey (eya) 
0x0 DIS Disabled 
Ox1 15 50-100ns hold time 
0x2 450 300-600ns hold time 
0x3 600 400-800ns hold time 
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These bits are not synchronized. 


Bits 19:17 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
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e Bit 16 — PINOUT: Pin Usage 
This bit sets the pin usage to either two- or four-wire operation: 
0: 4-wire operation disabled 
1: 4-wire operation enabled 
This bit is not synchronized. 


e Bits 15:8 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bit 7-RUNSTDBY: Run in Standby 
This bit defines the functionality in standby sleep mode. 


0: Disabled — All reception is dropped. 
1: Wake on address match, if enabled. 
This bit is not synchronized. 


e Bits 6:5 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bits 4:2 - MODE[2:0]: Operating Mode 
These bits must be written to 0x04 to select the I?C slave serial communication interface of the SERCOM. 
These bits are not synchronized. 


e Bit 1- ENABLE: Enable 
0: The peripheral is disabled. 
1: The peripheral is enabled. 
Due to synchronization, there is delay from writing CTRLA.ENABLE until the peripheral is enabled/disabled. 
The value written to CTRL.ENABLE will read back immediately and the Enable Synchronization Busy bit in the 
Synchronization busy register (SYNCBUSY.ENABLE) will be set. SYNCBUSY.ENABLE will be cleared when 
the operation is complete. 


This bit is not enable-protected. 


e Bit 0 -SWRST: Software Reset 
0: There is no reset operation ongoing. 
1: The reset operation is ongoing. 
Writing a zero to this bit has no effect. 
Writing a one to this bit resets all registers in the SERCOM, except DBGCTRL, to their initial state, and the 
SERCOM will be disabled. 


Writing a one to CTRLA.SWRST will always take precedence, meaning that all other writes in the same write- 
operation will be discarded. Any register write access during the ongoing reset will result in an APB error. 
Reading any register will return the reset value of the register. 

Due to synchronization, there is a delay from writing CTRLA.SWRST until the reset is complete. 
CTRLA.SWRST and SYNCBUSY.SWRST will both be cleared when the reset is complete. 

This bit is not enable-protected. 
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27.8.1.2 Control B 
Name: CTRLB 
Offset: 0x04 
Reset: 0x00000000 
Property: Write-Protected, Enable-Protected, Write-Synchronized 























































































































Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
| ACKACT CMD[1:0] 
Access R R R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
AMODE[1:0] | | AACKEN GCMD SMEN 
Access R/W R/W R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:19 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bit 18 - ACKACT: Acknowledge Action 
0: Send ACK 
1: Send NACK 
The Acknowledge Action (ACKACT) bit defines the slave's acknowledge behavior after an address or data byte 
is received from the master. The acknowledge action is executed when a command is written to the CMD bits. 
If smart mode is enabled (CTRLB.SMEN is one), the acknowledge action is performed when the DATA register 
is read. 
This bit is not enable-protected. 


e Bits 17:16 —- CMD[1:0]: Command 
Writing the Command bits (CMD) triggers the slave operation as defined in Table 27-7. The CMD bits are 
strobe bits, and always read as zero. The operation is dependent on the slave interrupt flags, INTFLAG.DRDY 
and INTFLAG.AMATCH, in addition to STATUS.DIR (See Table 27-7). 
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Table 27-7. Command Description 


All interrupt flags (INTFLAG.DRDY, INTFLAG.AMATCH and INTFLAG.PREC) are automatically cleared when 
a command is given. 
This bit is not enable-protected. 















































CMD[1:0] DIR Action 
0x0 x (No action) 
0x1 x (Reserved) 
. ae | Used to complete a transaction in response to a data interrupt (DRDY) 
0x2 0 (Master write) Execute acknowledge action succeeded by waiting for any start (S/Sr) condition 
1 (Master read) Wait for any start (S/Sr) condition 
Used in response to an address interrupt (AMATCH) 
0 (Master write) Execute acknowledge action succeeded by reception of next byte 
1 (Master read) Execute acknowledge action succeeded by slave data interrupt 
ee Used in response to a data interrupt (DRDY) 
; 0 (Master write) . ‘Execute acknowledge action succeeded by reception of next byte 
1 (Master read) Execute a byte read operation followed by ACK/NACK reception 
e Bits 15:14 - AMODE[1:0]: Address Mode 


These bits set the addressing mode according to Table 27-8. 


Table 27-8. Address Mode Description 




















Value Name Description 

0x0 MASK The slave responds to the address written in ADDR.ADDR masked by the value in 
ADDR.ADDRMASK"”. 

Ox1 2_ADDRS The slave responds to the two unique addresses in ADDR.ADDR and ADDR.ADDRMASK. 

Ox2 RANGE The slave responds to the range of addresses between and including ADDR.ADDR and 
ADDR.ADDRMASK. ADDR.ADDR is the upper limit. 

0x3 - Reserved. 














Note: 


1. 


See “SERCOM - Serial Communication Interface” on page 430 for additional information. 


These bits are not write-synchronized. 
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Bits 13:11 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 


to zero when this register is written. These bits will always return zero when read. 


Bit 10— AACKEN: Automatic Acknowledge Enable 
This bit enables the address to be automatically acknowledged if there is an address match. 


0: Automatic acknowledge is disabled. 
1: Automatic acknowledge is enabled. 
This bit is not write-synchronized. 
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e Bit 9- GCMD: PMBus Group Command 
This bit enables PMBus group command support. When enabled, a STOP interrupt will be generated if 
the slave has been addressed since the last STOP condition on the bus. 
0: Group command is disabled. 
1: Group command is enabled. 
This bit is not write-synchronized. 


e Bit 8 -SMEN: Smart Mode Enable 
This bit enables smart mode. When smart mode is enabled, acknowledge action is sent when DATA.DATA is 
read. 
0: Smart mode is disabled. 
1: Smart mode is enabled. 
This bit is not write-synchronized. 


e Bits 7:0 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
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27.8.1.3 Interrupt Enable Clear 


Bit 


Access 


Reset 


Atmel 


This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes in this 
register will also be reflected in the Interrupt Enable Set register (INTENSET). 


Name: INTENCLR 
Offset: 0x14 
Reset: 0x00 


Property: Write-Protected 


























7 6 5 4 3 2 1 0 
ERROR | | | DRDY AMATCH PREC 
R/W R R R R R/W R/W R/W 
0 0 0 0 0 0 0 0 


Bit 7—- ERROR: Error Interrupt Enable 
0: Error interrupt is disabled. 


1: Error interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Error Interrupt Enable bit, which disables the Error interrupt. 


Bits 6:3 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bit 2-— DRDY: Data Ready Interrupt Enable 
0: The Data Ready interrupt is disabled. 


1: The Data Ready interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Data Ready bit, which disables the Data Ready interrupt. 


Bit 1 - AMATCH: Address Match Interrupt Enable 
0: The Address Match interrupt is disabled. 


1: The Address Match interrupt is enabled. 
Writing a zero to this bit has no effect. 


Writing a one to this bit will clear the Address Match Interrupt Enable bit, which disables the Address Match 
interrupt. 


Bit 0 - PREC: Stop Received Interrupt Enable 
0: The Stop Received interrupt is disabled. 


1: The Stop Received interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Stop Received bit, which disables the Stop Received interrupt. 
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27.8.1.4 Interrupt Enable Set 


Bit 


Access 


Reset 
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This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes in this 
register will also be reflected in the Interrupt Enable Clear register (INTENCLR). 


Name: INTENSET 
Offset: 0x16 
Reset: 0x00 


Property: Write-Protected 


























7 6 5 4 3 2 1 0 
ERROR | | | DRDY AMATCH PREC 
R/W R R R R R/W R/W R/W 
0 0 0 0 0 0 0 0 


Bit 7 - ERROR: Error Interrupt Enable 
0: Error interrupt is disabled. 


1: Error interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Error Interrupt Enable bit, which enables the Error interrupt. 


Bits 6:3 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bit 2-— DRDY: Data Ready Interrupt Enable 
0: The Data Ready interrupt is disabled. 


1: The Data Ready interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Data Ready bit, which enables the Data Ready interrupt. 


Bit 1 - AMATCH: Address Match Interrupt Enable 
0: The Address Match interrupt is disabled. 


1: The Address Match interrupt is enabled. 
Writing a zero to this bit has no effect. 


Writing a one to this bit will set the Address Match Interrupt Enable bit, which enables the Address Match 
interrupt. 


Bit 0 - PREC: Stop Received Interrupt Enable 
0: The Stop Received interrupt is disabled. 


1: The Stop Received interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Stop Received bit, which enables the Stop Received interrupt. 
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27.8.1.5 Interrupt Flag Status and Clear 


Bit 


Access 


Reset 


Atmel 



































Name: INTFLAG 

Offset: 0x18 

Reset: 0x00 

Property: - 
7 6 5 4 3 2 1 0 

ERROR DRDY AMATCH PREC 
R/W R R R R R/W R/W R/W 

0 0 0 0 0 0 0 0 


Bit 7— ERROR: Error 

This flag is cleared by writing a one to it. 

This bit is set when any error is detected. Errors that will set this flag have corresponding status flags in 
the STATUS register. Errors that will set this flag are SEXTTOUT, LOWTOUT, COLL, and BUSERR.Writ- 
ing a zero to this bit has no effect. 

Writing a one to this bit will clear the flag. 


Bits 6:3 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bit 2 - DRDY: Data Ready 
This flag is set when a IC slave byte transmission is successfully completed. 
The flag is cleared by hardware when either: 
e Writing to the DATA register. 
e Reading the DATA register with smart mode enabled. 
e Writing a valid command to the CMD register. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Data Ready interrupt flag. Optionally, the flag can be cleared manually by 
writing a one to INTFLAG.DRDY. 


Bit 1 - AMATCH: Address Match 
This flag is set when the I?C slave address match logic detects that a valid address has been received. 


The flag is cleared by hardware when CTRL.CMD is written. 
Writing a zero to this bit has no effect. 


Writing a one to this bit will clear the Address Match interrupt flag. Optionally the flag can be cleared manually 
by writing a one to INTFLAG.AMATCH. When cleared, an ACK/NACK will be sent according to 
CTRLB.ACKACT. 


Bit 0 - PREC: Stop Received 

This flag is set when a stop condition is detected for a transaction being processed. A stop condition detected 
between a bus master and another slave will not set this flag. 

This flag is cleared by hardware after a command is issued on the next address match. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the Stop Received interrupt flag. Optionally, the flag can be cleared manually 
by writing a one to INTFLAG.PREC. 
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27.8.1.6 Status 
Name: STATUS 
Offset: Ox1A 
Reset: 0x0000 






























































Property: - 
Bit 15 14 13 12 11 10 9 8 
HS SEXTTOUT 
Access R R R R R R/W R/W R 
Reset 0 0 0 0 0 0 0 0 
Bit re 6 5 4 3 2 1 0 
CLKHOLD LOWTOUT SR DIR RXNACK COLL BUSERR 
Access R R/W R R R R R/W R/W 
Reset 0 0 0 0 0 0 0 0 








e Bits 15:11 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bit 10-—HS: High-speed 
This bit is set if the slave detects a START followed by a Master Code transmission. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the status. However, this flag is automatically cleared when a STOP is 
received. 


e Bit 9-— SEXTTOUT: Slave SCL Low Extend Time-Out 
This bit is set if a slave SCL low extend time-out occurs. 


This bit is cleared automatically if responding to a new start condition with ACK or NACK (write 3 to 
CTRLB.CMD) or when INTFLAG.AMATCH is cleared. 

0: No SCL low extend time-out has occurred. 

1: SCL low extend time-out has occurred. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the status. 


e Bit 8 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


e Bit 7 -CLKHOLD: Clock Hold 
The slave Clock Hold bit (STATUS.CLKHOLD) is set when the slave is holding the SCL line low, stretching the 
IC clock. Software should consider this bit a read-only status flag that is set when INTFLAG.DRDY or INT- 
FLAG.AMATCH is set. 


This bit is automatically cleared when the corresponding interrupt is also cleared. 


e Bit 6-— LOWTOUT: SCL Low Time-out 
This bit is set if an SCL low time-out occurs. 
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This bit is cleared automatically if responding to a new start condition with ACK or NACK (write 3 to 
CTRLB.CMD) or when INTFLAG.AMATCH is cleared. 

0: No SCL low time-out has occurred. 

1: SCL low time-out has occurred. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the status. 


Bit 5 —- Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bit 4 -— SR: Repeated Start 
When INTFLAG.AMATCH is raised due to an address match, SR indicates a repeated start or start condition. 


0: Start condition on last address match 
1: Repeated start condition on last address match 
This flag is only valid while the INTFLAG.AMATCH flag is one. 


Bit 3 — DIR: Read / Write Direction 
The Read/Write Direction (STATUS.DIR) bit stores the direction of the last address packet received from a 
master. 


0: Master write operation is in progress. 
1: Master read operation is in progress. 


Bit 2 -RXNACK: Received Not Acknowledge 
This bit indicates whether the last data packet sent was acknowledged or not. 


0: Master responded with ACK. 
1: Master responded with NACK. 


Bit 1 — COLL: Transmit Collision 
If set, the 12C slave was not able to transmit a high data or NACK bit, the I2C slave will immediately release the 
SDA and SCL lines and wait for the next packet addressed to it. 


This flag is intended for the SMBus address resolution protocol (ARP). A detected collision in non-ARP situa- 
tions indicates that there has been a protocol violation, and should be treated as a bus error. 


Note that this status will not trigger any interrupt, and should be checked by software to verify that the data were 
sent correctly. This bit is cleared automatically if responding to an address match with an ACK or a NACK (writ- 
ing 0x3 to CTRLB.CMD), or INTFLAG.AMATCH is cleared. 


0: No collision detected on last data byte sent. 
1: Collision detected on last data byte sent. 
Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the status. 


Bit 0 - BUSERR: Bus Error 

The Bus Error bit (STATUS.BUSERR) indicates that an illegal bus condition has occurred on the bus, regard- 
less of bus ownership. An illegal bus condition is detected if a protocol violating start, repeated start or stop is 
detected on the I?C bus lines. A start condition directly followed by a stop condition is one example of a protocol 
violation. If a time-out occurs during a frame, this is also considered a protocol violation, and will set 
STATUS.BUSERR. 

This bit is cleared automatically if responding to an address match with an ACK or a NACK (writing 0x3 to 
CTRLB.CMD) or INTFLAG.AMATCH is cleared. 

0: No bus error detected. 

1: Bus error detected. 

Writing a one to this bit will clear the status. 
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Writing a zero to this bit has no effect. 
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27.8.1.7 Synchronization Busy 
Name: SYNCBUSY 
Offset: Ox1C 
Reset: 0x00000000 




















































































































Property: 
Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
ENABLE SWRST 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
e = Bits 31:2 — Reserved 
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These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bit 1 - ENABLE: SERCOM Enable Synchronization Busy 
Enabling and disabling the SERCOM (CTRLA.ENABLE) requires synchronization. When written, the SYNC- 
BUSY.ENABLE bit will be set until synchronization is complete. 


Writes to any register (except for CTRLA.SWRST) while enable synchronization is on-going will be discarded 
and an APB error will be generated. 


0: Enable synchronization is not busy. 
1: Enable synchronization is busy. 


Bit 0 - SWRST: Software Reset Synchronization Busy 
Resetting the SERCOM (CTRLA.SWRST) requires synchronization. When written, the SYNCBUSY.SWRST bit 
will be set until synchronization is complete. 


Writes to any register while synchronization is on-going will be discarded and an APB error will be generated. 
0: SWRST synchronization is not busy. 
1: SWRST synchronization is busy. 
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27.8.1.8 Address 







































































Name: ADDR 

Offset: 0x24 

Reset: 0x00000000 

Property: Write-Protected, Enable-Protected 
Bit 31 30 29 28 27 26 25 24 

ADDRMASK[9:7] 
Access R R R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
ADDRMASK[6:0] 
Access R/W R/W R/W R/W R/W R/W R/W R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
TENBITEN | | | ADDRI9:7] 
Access R/W R R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
ADDRI6:0] GENCEN 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
e Bits 31:27 — Reserved 
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These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bits 26:17 - ADDRMASK[9:0]: Address Mask 
The ADDRMASK bits acts as a second address match register, an address mask register or the lower limit of 
an address range, depending on the CTRLB.AMODE setting. 


Bit 16— Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bit 15—- TENBITEN: Ten Bit Addressing Enable 
Writing a one to TENBITEN enables 10-bit address recognition. 


0: 10-bit address recognition disabled. 
1: 10-bit address recognition enabled. 


Bits 14:11 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
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e Bits 10:1 - ADDR[9:0]: Address 
The slave address (ADDR) bits contain the I2C slave address used by the slave address match logic to deter- 
mine if a master has addressed the slave. 
When using 7-bit addressing, the slave address is represented by ADDR.ADDRI[6:0]. 
When using 10-bit addressing (ADDR. TENBITEN=1), the slave address is represented by ADDR.ADDR[9:0] 
When the address match logic detects a match, INTFLAG.AMATCH is set and STATUS.DIR is updated to indi- 
cate whether it is a read or a write transaction. 


e Bit 0 -GENCEN: General Call Address Enable 
Writing a one to GENCEN enables general call address recognition. A general call address is an address of all 
zeroes with the direction bit written to zero (master write). 


0: General call address recognition disabled. 
1: General call address recognition enabled. 
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27.8.1.9 Data 


Name: 


DATA 


Offset: 0x28 
Reset: 0x0000 
Property: Write-Synchronized, Read-Synchronized 















































Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
DATA|7:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
e Bits 15:8 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
e Bits 7:0 - DATA[7:0]: Data 
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The slave data register I/O location (DATA.DATA) provides access to the master transmit and receive data buf- 
fers. Reading valid data or writing data to be transmitted can be successfully done only when SCL is held low 
by the slave (STATUS.CLKHOLD is set). An exception occurs when reading the last data byte after the stop 
condition has been received. 

Accessing DATA.DATA auto-triggers IC bus operations. The operation performed depends on the state of 
CTRLB.ACKACT, CTRLB.SMEN and the type of access (read/write). 

Writing or reading DATA.DATA when not in smart mode does not require synchronization. 
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27.8.2 I?C Master Register Description 


27.8.2.1 Control A 
Name: CTRLA 
Offset: 0x00 
Reset: 0x00000000 
Property: Write-Protected, Enable-Protected, Write-Synchronized 




















































































































Bit 31 30 29 28 27 26 25 24 
LOWTOUT INACTOUT[1:0] SCLSM SPEED[1:0] 

Access R R/W R/W R/W R/W R R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 23 22 21 20 19 18 17 16 
SEXTTOEN MEXTTOEN SDAHOLD[1:0] PINOUT 

Access R/W R/W R/W R/W R R R R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 15 14 13 12 11 10 9 8 

Access R R R R R R R R 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 
RUNSTDBY MODE[2:0]=101 ENABLE SWRST 

Access R/W R R R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


e Bit 31 — Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


e Bit 30 - LOWTOUT: SCL Low Time-Out 
This bit enables the SCL low time-out. If SCL is held low for 25ms-35ms, the master will release its clock hold, 
if enabled, and complete the current transaction. A stop condition will automatically be transmitted. 
INTFLAG.SB or INTFLAG.MB will be set as normal, but the clock hold will be released. The STATUS.LOW- 
TOUT and STATUS.BUSERR status bits will be set. 
0: Time-out disabled. 
1: Time-out enabled. 
This bit is not synchronized. 


e = Bits 29:28 — INACTOUT[1:0]: Inactive Time-Out 
If the inactive bus time-out is enabled and the bus is inactive for longer than the time-out setting, the bus state 
logic will be set to idle. An inactive bus arise when either an I?C master or slave is holding the SCL low. The 
available time-outs are given in Table 27-9. 
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Enabling this option is necessary for SMBus compatibility, but can also be used in a non-SMBus set-up. 


Table 27-9. Inactive Timout 











Value Name Description 

0x0 DIS Disabled 

0x1 55US 5-6 SCL cycle time-out (50-60us) 

Ox2 105US 10-11 SCL cycle time-out (100-110us) 
0x3 205US 20-21 SCL cycle time-out (200-210us) 

















Calculated time-out periods are based on a 100kHz baud rate. 
These bits are not synchronized. 


Bit 27— SCLSM: SCL Clock Stretch Mode 
This bit controls when SCL will be stretch for software interaction. 


0: SCL stretch according to Figure 27-7. 
1: SCL stretch only after ACK bit. 
This bit is not synchronized. 


Bit 26— Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bits 25:24 — SPEED[1:0]: Transfer Speed 
These bits define bus speed. 


Table 27-10. Transfer Speed 


Value Description 














0x0 Standard-mode (Sm) up to 100 kHz and Fast-mode (Fm) up to 400 kHz 
0x1 Fast-mode Plus (Fm+) up to 1 MHz 

Ox2 High-speed mode (Hs-mode) up to 3.4 MHz 

0x3 Reserved 
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These bits are not synchronized. 


Bit 23 - SEXTTOEN: Slave SCL Low Extend Time-Out 

This bit enables the slave SCL low extend time-out. If SCL is cumulatively held low for greater than 25ms 
from the initial START to a STOP, the slave will release its clock hold if enabled and reset the internal 
state machine. Any interrupts set at the time of time-out will remain set. If the address was recognized, 
PREC will be set when a STOP is received. 

0: Time-out disabled 

1: Time-out enabled 

This bit is not synchronized. 


Bit 22 - MEXTTOEN: Master SCL Low Extend Time-Out 

This bit enables the master SCL low extend time-out. If SCL is cumulatively held low for greater than 10ms from 
START-to-ACK, ACK-to-ACK, or ACK-to-STOP the master will release its clock hold if enabled, and complete 
the current transaction. A STOP will automatically be transmitted. 
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SB or MB will be set as normal, but CLKHOLD will be release. The MEXTTOUT and BUSERR status bits 
will be set. 
0: Time-out disabled 


1: Time-out enabled 
This bit is not synchronized. 


Bits 21:20 - SDAHOLD[1:0]: SDA Hold Time 
These bits define the SDA hold time with respect to the negative edge of SCL. 


Table 27-11. SDA Hold Time 











AYETIUT=) Name Description 

0x0 DIS Disabled 

0x1 75NS 50-100ns hold time 
0x2 450NS 300-600ns hold time 
0x3 600NS 400-800ns hold time 














These bits are not synchronized. 
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Bits 19:17 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bit 16 — PINOUT: Pin Usage 
This bit set the pin usage to either two- or four-wire operation: 


0: 4-wire operation disabled. 
1: 4-wire operation enabled. 
This bit is not synchronized. 


Bits 15:8 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bit 7 - RUNSTDBY: Run in Standby 
This bit defines the functionality in standby sleep mode. 


0: GCLK_SERCOMx_CORE is disabled and the I?C master will not operate in standby sleep mode. 
1: GCLK_SERCOMx_CORE is enabled in all sleep modes allowing the master to operate in standby sleep 
mode. 


This bit is not synchronized. 


Bits 6:5 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bits 4:2 - MODE[2:0]: Operating Mode 
These bits must be written to 0x5 to select the IC master serial communication interface of the SERCOM. 
These bits are not synchronized. 


Bit 1 - ENABLE: Enable 
0: The peripheral is disabled. 
1: The peripheral is enabled. 


Atmel | SMART SAM D11 [DATASHEET] 553 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





Due to synchronization, there is delay from writing CTRLA.ENABLE until the peripheral is enabled/disabled. 
The value written to CTRL.ENABLE will read back immediately and the Synchronization Enable Busy bit in the 
Syncbusy register (SYNCBUSY.ENABLE) will be set. SYNCBUSY.ENABLE will be cleared when the operation 
is complete. 

This bit is not enable-protected. 


e Bit 0-—SWRST: Software Reset 
0: There is no reset operation ongoing. 
1: The reset operation is ongoing. 
Writing a zero to this bit has no effect. 
Writing a one to this bit resets all registers in the SERCOM, except DBGCTRL, to their initial state, and the 
SERCOM will be disabled. 
Writing a one to CTRLA.SWRST will always take precedence, meaning that all other writes in the same write- 
operation will be discarded. Any register write access during the ongoing reset will result in an APB error. 
Reading any register will return the reset value of the register. 
Due to synchronization there is a delay from writing CTRLA.SWRST until the reset is complete. 
CTRLA.SWRST and SYNCBUSY.SWRST will both be cleared when the reset is complete. 


This bit is not enable-protected. 
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27.8.2.2 Control B 
Name: CTRLB 
Offset: 0x04 
Reset: 0x00000000 
Property: Write-Protected, Enable-Protected, Write-Synchronized 

















































































































Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
ACKACT CMD[1:0] 
Access R R R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
| | | | | | QCEN SMEN 
Access R R R R R R R R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
e Bits 31:19 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
e Bit 18 - ACKACT: Acknowledge Action 
The Acknowledge Action (ACKACT) bit defines the IC master's acknowledge behavior after a data byte is 
received from the I?C slave. The acknowledge action is executed when a command is written to CTRLB.CMD, 
or if smart mode is enabled (CTRLB.SMEN is written to one), when DATA.DATA is read. 
0: Send ACK. 
1: Send NACK. 
This bit is not enable-protected. 
This bit is not write-synchronized. 
e Bits 17:16 - CMD[1:0]: Command 
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Writing the Command bits (CMD) triggers the master operation as defined in Table 27-12. The CMD bits are 
strobe bits, and always read as zero. The acknowledge action is only valid in master read mode. In master write 
mode, a command will only result in a repeated start or stop condition. The CTRLB.ACKACT bit and the CMD 
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bits can be written at the same time, and then the acknowledge action will be updated before the command is 
triggered. 

Commands can only be issued when the Slave on Bus interrupt flag (INTFLAG.SB) or Master on Bus interrupt 
flag (INTFLAG.MB) is one. 

If CMD 0x1 is issued, a repeated start will be issued followed by the transmission of the current address in 
ADDR.ADDR. If another address is desired, ADDR.ADDR must be written instead of the CMD bits. This will 
trigger a repeated start followed by transmission of the new address. 

Issuing a command will set STATUS.SYNCBUSY. 


Table 27-12. Command Description 














CMD[1:0] Direction Action 
0x0 Xx (No action) 
Ox1 Xx Execute acknowledge action succeeded by repeated Start 
0 (Write) No operation 
Ox2 
1 (Read) Execute acknowledge action succeeded by a byte read operation 
0x3 xX Execute acknowledge action succeeded by issuing a stop condition 
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These bits are not enable-protected. 


Bits 15:10 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bit 9 - QCEN: Quick Command Enable 
Setting the Quick Command Enable bit (QCEN) enables quick command. 


0: Quick Command is disabled. 
1: Quick Command is enabled. 
This bit is not write-synchronized. 


Bit 8 - SMEN: Smart Mode Enable 

This bit enables smart mode. When smart mode is enabled, acknowledge action is sent when DATA.DATA is 
read. 

0: Smart mode is disabled. 

1: Smart mode is enabled. 

This bit is not write-synchronized. 


Bits 7:0 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
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27.8.2.3 Baud Rate 
Name: BAUD 
Offset: 0x0C 
Reset: 0x0000 
Property: Write-Protected, Enable-Protected 


















































Bit 31 30 29 28 27 26 25 24 
HSBAUDLOWJ7:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
HSBAUD[7:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
BAUDLOWJ[7:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
BAUDJ7:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
e = Bits 31:24 - HSBAUDLOW[7:0]: High Speed Master Baud Rate Low 

HSBAUDLOW not equal to 0 

HSBAUDLOW indicates the SCL low time according to the following formula. 

HSBAUDLOW= fT tow7! 

HSBAUDLOW equal to 0 

The HSBAUD register is used to time Tow, Tuich, Tsu:sto, Tup:sta and Tsu:sta.- Tauris timed by the BAUD 

register. 

e Bits 23:16 - HSBAUD[7:0]: High Speed Master Baud Rate 
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The HSBAUD register indicates the SCL high time according to the following formula. When HSBAUDLOW is 
zero, TLow, Tuic, Tsu:sto, Tup:sta aNd Tgu.sta are derived using this formula. Tgyr is timed by the BAUD 
register. 


BAUD= f eT mou! 
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e Bits 15:8 - BAUDLOW[7:0]: Master Baud Rate Low 
If the Master Baud Rate Low bit group (BAUDLOW) has a non-zero value, the SCL low time will be described 
by the value written. 
For more information on how to calculate the frequency, see “SERCOM |I2C — SERCOM Inter-Integrated Cir- 
cuit” on page 509. 


e Bits 7:0 - BAUD[7:0]: Master Baud Rate 
The Master Baud Rate bit group (BAUD) is used to derive the SCL high time if BAUD.BAUDLOW is non-zero. If 
BAUD.BAUDLOW is zero, BAUD will be used to generate both high and low periods of the SCL. 
For more information on how to calculate the frequency, see “SERCOM |I2C — SERCOM Inter-Integrated Cir- 
cuit” on page 509. 
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27.8.2.4 Interrupt Enable Clear 


Bit 


Access 


Reset 
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This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes in this 
register will also be reflected in the Interrupt Enable Set register (INTENSET). 


Name: INTENCLR 
Offset: 0x14 
Reset: 0x00 


Property: Write-Protected 

















7 6 5 4 3 2 1 0 
ERROR | | | | | | SB MB 
R/W R R R R R R/W R/W 
0 0 0 0 0 0 0 0 


Bit 7- ERROR: Error Interrupt Enable 

0: Error interrupt is disabled. 

1: Error interrupt is enabled. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the Error Interrupt Enable bit, which disables the Error interrupt. 


Bits 6:2 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bit 1-— SB: Slave on Bus Interrupt Enable 
0: The Slave on Bus interrupt is disabled. 


1: The Slave on Bus interrupt is enabled. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the Slave on Bus Interrupt Enable bit, which disables the Slave on Bus 
interrupt. 


Bit 0 - MB: Master on Bus Interrupt Enable 

0: The Master on Bus interrupt is disabled. 

1: The Master on Bus interrupt is enabled. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the Master on Bus Interrupt Enable bit, which disables the Master on Bus 
interrupt. 
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27.8.2.5 Interrupt Enable Set 


Bit 


Access 


Reset 
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This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes in this 
register will also be reflected in the Interrupt Enable Clear register (INTENCLR). 


Name: INTENSET 
Offset: 0x16 
Reset: 0x00 


Property: Write-Protected 




















7 6 5 4 3 2 1 0 
ERROR | | | | | SB MB 
R/W R R R R R R/W R/W 
0 0 0 0 0 0 0 0 


Bit 7 - ERROR: Error Interrupt Enable 

0: Error interrupt is disabled. 

1: Error interrupt is enabled. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will set the Error Interrupt Enable bit, which enables the Error interrupt. 


Bits 6:2 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bit 1 - SB: Slave on Bus Interrupt Enable 

0: The Slave on Bus interrupt is disabled. 

1: The Slave on Bus interrupt is enabled. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will set the Slave on Bus Interrupt Enable bit, which enables the Slave on Bus interrupt. 


Bit 0 - MB: Master on Bus Interrupt Enable 

0: The Master on Bus interrupt is disabled. 

1: The Master on Bus interrupt is enabled. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will set the Master on Bus Interrupt Enable bit, which enables the Master on Bus 
interrupt. 
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27.8.2.6 Interrupt Flag Status and Clear 



































Name: INTFLAG 

Offset: 0x18 

Reset: 0x00 

Property: - 
Bit 7 6 5 4 3 2 1 0 

ERROR SB MB 
Access R/W R R R R R R/W R/W 
Reset 0 0 0 0 0 0 0 0 
e Bit 7— ERROR: Error 
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This flag is cleared by writing a one to it. 


This bit is set when any error is detected. Errors that will set this flag have corresponding status flags in the 
STATUS register. Errors that will set this flag are LENERR, SEXTTOUT, MEXTTOUT, LOWTOUT, ARBLOST, 
and BUSERR. 


Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the flag. 


Bits 6:2 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bit 1-— SB: Slave on Bus 

The Slave on Bus flag (SB) is set when a byte is successfully received in master read mode, i.e., no arbitration 
lost or bus error occurred during the operation. When this flag is set, the master forces the SCL line low, 
stretching the I?C clock period. The SCL line will be released and SB will be cleared on one of the following 
actions: 


e Writing to ADDR.ADDR 

e Writing to DATA.DATA 

e Reading DATA.DATA when smart mode is enabled (CTRLB.SMEN) 
e Writing a valid command to CTRLB.CMD 


Writing a one to this bit location will clear the SB flag. The transaction will not continue or be terminated until 
one of the above actions is performed. 


Writing a zero to this bit has no effect. 


Bit 0 —- MB: Master on Bus 
The Master on Bus flag (MB) is set when a byte is transmitted in master write mode. The flag is set regardless 
of the occurrence of a bus error or an arbitration lost condition. MB is also set when arbitration is lost during 
sending of NACK in master read mode, and when issuing a start condition if the bus state is unknown. When 
this flag is set and arbitration is not lost, the master forces the SCL line low, stretching the I?C clock period. The 
SCL line will be released and MB will be cleared on one of the following actions: 

e Writing to ADDR.ADDR 

e Writing to DATA.DATA 

e Reading DATA.DATA when smart mode is enabled (CTRLB.SMEN) 

e Writing a valid command to CTRLB.CMD 
If arbitration is lost, writing a one to this bit location will clear the MB flag. 
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If arbitration is not lost, writing a one to this bit location will clear the MB flag. The transaction will not continue or 
be terminated until one of the above actions is performed. 


Writing a zero to this bit has no effect. 
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27.8.2.7 Status 
Name: STATUS 
Offset: Ox1A 
Reset: 0x0000 
Property: Write-Synchronized 

































































Bit 15 14 13 12 11 10 9 8 
LENERR SEXTTOUT MEXTTOUT 
Access R R R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
CLKHOLD LOWTOUT BUSSTATE[1:0] RXNACK ARBLOST BUSERR 
Access R R/W R R/W R R R/W R/W 
Reset 0 0 0 0 0 0 0 0 
e Bits 15:11 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
e Bit 10 -LENERR: Transaction Length Error 
This bit is set when automatic length is used for a DMA transaction and the slave sends a NACK before 
ADDR.LEN bytes have been written by the master. 
Writing a one to this bit location will clear STATUS.LENERR. This flag is automatically cleared when writing to 
the ADDR register. 
Writing a zero to this bit has no effect. 
This bit is not write-synchronized. 
e Bit 9 - SEXTTOUT: Slave SCL Low Extend Time-Out 
This bit is set if a slave SCL low extend time-out occurs. 
Writing a one to this bit location will clear STATUS.SEXTTOUT. Normal use of the I?C interface does not 
require the STATUS.SEXTTOUT flag to be cleared by this method. This flag is automatically cleared when writ- 
ing to the ADDR register. 
Writing a zero to this bit has no effect. 
This bit is not write-synchronized. 
e Bit 8 -MEXTTOUT: Master SCL Low Extend Time-Out 
This bit is set if a master SCL low time-out occurs. 
Writing a one to this bit location will clear STATUS.MEXTTOUT. Normal use of the I7C interface does not 
require the STATUS.MEXTTOUT flag to be cleared by this method. This flag is automatically cleared when writ- 
ing to the ADDR register. 
Writing a zero to this bit has no effect. 
This bit is not write-synchronized. 
e Bit 7-CLKHOLD: Clock Hold 
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The Master Clock Hold flag (STATUS.CLKHOLD) is set when the master is holding the SCL line low, stretching 
the I?C clock. Software should consider this bit a read-only status flag that is set when INTFLAG.SB or INT- 
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FLAG.MB is set. When the corresponding interrupt flag is cleared and the next operation is given, this bit is 
automatically cleared. 

Writing a zero to this bit has no effect. 

Writing a one to this bit has no effect. 

This bit is not write-synchronized. 


Bit 6 -LOWTOUT: SCL Low Time-Out 
This bit is set if an SCL low time-out occurs. 


Writing a one to this bit location will clear STATUS.LOWTOUT. Normal use of the I?C interface does not require 
the LOWTOUT flag to be cleared by this method. This flag is automatically cleared when writing to the ADDR 
register. 

Writing a zero to this bit has no effect. 

This bit is not write-synchronized. 


Bits 5:4 - BUSSTATE[1:0]: Bus State 
These bits indicate the current I2C bus state as defined in Table 27-13. After enabling the SERCOM as an I2C 
master, the bus state will be unknown. 


Table 27-13. Bus State 











Value Name DY =X-Yoq df oy t(o)a) 
Ox0 Unknown The bus state is unknown to the ?C master and will wait for a stop condition 
to be detected or wait to be forced into an idle state by software 
0x1 Idle The bus state is waiting for a transaction to be initialized 
0x2 Owner The |?C master is the current owner of the bus 
0x3 Busy Some other I2C master owns the bus 
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When the master is disabled, the bus-state is unknown. When in the unknown state, writing 0x1 to BUSSTATE 
forces the bus state into the idle state. The bus state cannot be forced into any other state. 


Writing STATUS.BUSSTATE to idle will set STATUS.SYNCBUSY. 


Bit 3 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bit 2 -RXNACK: Received Not Acknowledge 
This bit indicates whether the last address or data packet sent was acknowledged or not. 


0: Slave responded with ACK. 

1: Slave responded with NACK. 
Writing a zero to this bit has no effect. 
Writing a one to this bit has no effect. 
This bit is not write-synchronized. 


Bit 1 - ARBLOST: Arbitration Lost 

The Arbitration Lost flag (STATUS.ARBLOST) is set if arbitration is lost while transmitting a high data bit or a 
NACK bit, or while issuing a start or repeated start condition on the bus. The Master on Bus interrupt flag (INT- 
FLAG.MB) will be set when STATUS.ARBLOST is set. 


Writing the ADDR.ADDR register will automatically clear STATUS.ARBLOST. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear it. 
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This bit is not write-synchronized. 


e Bit 0- BUSERR: Bus Error 
The Bus Error bit (STATUS.BUSERR) indicates that an illegal bus condition has occurred on the bus, regard- 
less of bus ownership. An illegal bus condition is detected if a protocol violating start, repeated start or stop is 
detected on the I7C bus lines. A start condition directly followed by a stop condition is one example of a protocol 
violation. If a time-out occurs during a frame, this is also considered a protocol violation, and will set BUSERR. 
If the I2C master is the bus owner at the time a bus error occurs, STATUS.ARBLOST and INTFLAG.MB will be 
set in addition to BUSERR. 
Writing the ADDR.ADDR register will automatically clear the BUSERR flag. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear it. 
This bit is not write-synchronized. 
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27.8.2.8 Syncbusy 
Name: SYNCBUSY 
Offset: Ox1C 
Reset: 0x00000000 

























































































Property: 
Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
| | | SYSOP ENABLE SWRST 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
e Bits 31:3 — Reserved 


Atmel 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bit 2- SYSOP: System Operation Synchronization Busy 

Writing CTRLB, STATUS.BUSSTATE, ADDR, or DATA when the SERCOM is enabled requires synchroniza- 
tion. When written, the SYNCBUSY.SYSOP bit will be set until synchronization is complete. 

0: System operation synchronization is not busy. 

1: System operation synchronization is busy. 


Bit 1- ENABLE: SERCOM Enable Synchronization Busy 
Enabling and disabling the SERCOM (CTRLA.ENABLE) requires synchronization. When written, the SYNC- 
BUSY.ENABLE bit will be set until synchronization is complete. 


Writes to any register (except for CTRLA.SWRST) while enable synchronization is on-going will be discarded 
and an APB error will be generated. 


0: Enable synchronization is not busy. 
1: Enable synchronization is busy. 
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e Bit 0 -SWRST: Software Reset Synchronization Busy 
Resetting the SERCOM (CTRLA.SWRST) requires synchronization. When written, the SYNCBUSY.SWRST bit 


will be set until synchronization is complete. 

Writes to any register while synchronization is on-going will be discarded and an APB error will be generated. 
0: SWRST synchronization is not busy. 

1: SWRST synchronization is busy. 
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27.8.2.9 Address 
Name: ADDR 
Offset: 0x24 
Reset: 0x0000 
Property: Write-Synchronized 






















































































Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
LEN[7:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
TENBITEN HS LENEN ADDR[10:8] 
Access R/W R/W R/W R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
ADDR[7:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:24 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bits 23:16 — LEN[7:0]: Transaction Length 
For DMA operation, this field represents the data length of the transaction from 0 to 255 bytes. The transaction 
length enable (ADDR.LENEN) must be written to 1 for automatic transaction length to be used. After 
ADDR.LEN bytes have been transmitted or received, a NACK (for master reads) and STOP are automatically 
generated. 


e Bit 15 - TENBITEN: Ten Bit Addressing Enable 
This bit enables 10-bit addressing. This bit can be written simultaneously with ADDR to indicate a 10-bit or 7-bit 
address transmission. 
0: 10-bit addressing disabled. 
1: 10-bit addressing enabled. 


e Bit 14- HS: High Speed 
This bit enables High-speed mode for the current transfer from repeated START to STOP. This bit can be writ- 
ten simultaneously with ADDR for a high speed transfer. 
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0: High-speed transfer disabled. 
1: High-speed transfer enabled. 


Bit 13 - LENEN: Transfer Length Enable 
This bit enables automatic transfer length. 
0: Automatic transfer length disabled. 

1: Automatic transfer length enabled. 


Bits 12:11 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bits 10:0 - ADDR[10:0]: Address 

When ADDR is written, the consecutive operation will depend on the bus state: 

Unknown: INTFLAG.MB and STATUS.BUSERR are set, and the operation is terminated. 

Busy: The I?C master will await further operation until the bus becomes idle. 

Idle: The IC master will issue a start condition followed by the address written in ADDR. If the address is 
acknowledged, SCL is forced and held low, and STATUS.CLKHOLD and INTFLAG.MB are set. 

Owner: A repeated start sequence will be performed. If the previous transaction was a read, the acknowledge 
action is sent before the repeated start bus condition is issued on the bus. Writing ADDR to issue a repeated 
start is performed while INTFLAG.MB or INTFLAG.SB is set. 

Regardless of winning or loosing arbitration, the entire address will be sent. If arbitration is lost, only ones are 
transmitted from the point of loosing arbitration and the rest of the address length. 

STATUS.BUSERR, STATUS.ARBLOST, INTFLAG.MB and INTFLAG.SB will be cleared when ADDR is 
written. 

The ADDR register can be read at any time without interfering with ongoing bus activity, as a read access does 
not trigger the master logic to perform any bus protocol related operations. 

The I?C master control logic uses bit 0 of ADDR as the bus protocol’s read/write flag (R/W); 0 for write and 1 for 
read. 


Bits 31:24 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bits 23:16 — LEN[7:0]: Transaction Length 

For DMA operation, this field represents the data length of the transaction from 0 to 255 bytes. The transaction 
length enable (ADDR.LENEN) must be written to 1 for automatic transaction length to be used. After 
ADDR.LEN bytes have been transmitted or received, a NACK (for master reads) and STOP are automatically 
generated. 


Bit 15 —- TENBITEN: Ten Bit Addressing Enable 

This bit enables 10-bit addressing. This bit can be written simultaneously with ADDR to indicate a 10-bit or 7-bit 
address transmission. 

0: 10-bit addressing disabled. 

1: 10-bit addressing enabled. 


Bit 14-— HS: High Speed 
This bit enables High-speed mode for the current transfer from repeated START to STOP. This bit can be writ- 
ten simultaneously with ADDR for a high speed transfer. 


0: .High-speed transfer disabled. 
1: High-speed transfer enabled. 
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e Bit 13 - LENEN: Transfer Length Enable 
This bit enables automatic transfer length. 
0: Automatic transfer length disabled. 
1: Automatic transfer length enabled. 


e Bits 12:11 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bits 10:0 - ADDR[10:0]: Address 
When ADDR is written, the consecutive operation will depend on the bus state: 
Unknown: INTFLAG.MB and STATUS.BUSERR are set, and the operation is terminated. 
Busy: The I?C master will await further operation until the bus becomes idle. 
Idle: The IC master will issue a start condition followed by the address written in ADDR. If the address is 
acknowledged, SCL is forced and held low, and STATUS.CLKHOLD and INTFLAG.MB are set. 
Owner: A repeated start sequence will be performed. If the previous transaction was a read, the acknowledge 
action is sent before the repeated start bus condition is issued on the bus. Writing ADDR to issue a repeated 
start is performed while INTFLAG.MB or INTFLAG.SB is set. 
Regardless of winning or loosing arbitration, the entire address will be sent. If arbitration is lost, only ones are 
transmitted from the point of loosing arbitration and the rest of the address length. 
STATUS.BUSERR, STATUS.ARBLOST, INTFLAG.MB and INTFLAG.SB will be cleared when ADDR is 
written. 
The ADDR register can be read at any time without interfering with ongoing bus activity, as a read access does 
not trigger the master logic to perform any bus protocol related operations. 
The I?C master control logic uses bit 0 of ADDR as the bus protocol’s read/write flag (R/W); 0 for write and 1 for 
read. 
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27.8.2.10 Data 


Bit 


Access 


Reset 


Bit 


Access 


Reset 















































Name: DATA 

Offset: 0x18 

Reset: 0x0000 

Property: Write-Synchronized, Read-Synchronized 
15 14 13 12 11 10 9 8 
R R R R R R R R 
0 0 0 0 0 0 0 0 
7 6 5 4 3 2 1 0 

DATA|7:0] 
R/W R/W R/W R/W R/W R/W R/W R/W 

0 0 0 0 0 0 0 0 


e Bits 15:8 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bits 7:0 - DATA[7:0]: Data 
The master data register I/O location (DATA) provides access to the master transmit and receive data buffers. 
Reading valid data or writing data to be transmitted can be successfully done only when SCL is held low by the 
master (STATUS.CLKHOLD is set). An exception occurs when reading the last data byte after the stop condi- 
tion has been sent. 
Accessing DATA.DATA auto-triggers IC bus operations. The operation performed depends on the state of 
CTRLB.ACKACT, CTRLB.SMEN and the type of access (read/write). 
Writing or reading DATA.DATA when not in smart mode does not require synchronization. 


Atmel 
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27.8.2.11 Debug Control 


Name: DBGCTRL 
Offset: 0x30 
Reset: 0x00 


Property: Write-Protected 



































Bit 7 6 5 4 3 2 1 0 
DBGSTOP 

Access R R R R R R R R/W 

Reset 0 0 0 0 0 0 0 0 


e Bits 7:1 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bit 0 -DBGSTOP: Debug Stop Mode 
This bit controls functionality when the CPU is halted by an external debugger. 


0: The baud-rate generator continues normal operation when the CPU is halted by an external debugger. 
1: The baud-rate generator is halted when the CPU is halted by an external debugger. 
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28. TC -—Timer/Counter 


28.1 Overview 


The TC consists of a counter, a prescaler, compare/capture channels and control logic. The counter can be set to 
count events, or it can be configured to count clock pulses. The counter, together with the compare/capture channels, 
can be configured to timestamp input events, allowing capture of frequency and pulse width. It can also perform 
waveform generation, such as frequency generation and pulse-width modulation (PWM). 


28.2 Features 


e Selectable configuration 
e 8-, 16- or 32-bit TC, with compare/capture channels 
e Waveform generation 
e Frequency generation 
e@ Single-slope pulse-width modulation 
e Input capture 
e Event capture 
e Frequency capture 
e Pulse-width capture 
e One input event 
Interrupts/output events on: 
e Counter overflow/underflow 
e Compare match or capture 
Internal prescaler 


e Can be used with DMA and to trigger DMA transactions 
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28.3. Block Diagram 


Figure 28-1. Timer/Counter Block Diagram 
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28.4 Signal Description 


Signal Name DY =X-Yet gfe i(ey a] 





WO[1:0] Digital output Waveform output 





Refer to “I/O Multiplexing and Considerations” on page 13 for details on the pin mapping for this peripheral. One 
signal can be mapped on several pins. 


28.5 Product Dependencies 


In order to use this peripheral, other parts of the system must be configured correctly, as described below. 


28.5.1 I/O Lines 
Using the TC’s I/O lines requires the I/O pins to be configured. Refer to “PORT” on page 378 for details. 


28.5.2 Power Management 


The TC can continue to operate in any sleep mode where the selected source clock is running. The TC interrupts can 
be used to wake up the device from sleep modes. The events can trigger other operations in the system without 
exiting sleep modes. Refer to “PIM — Power Manager’ on page 110 for details on the different sleep modes. 


28.5.3 Clocks 


The TC bus clock (CLK_TCx_APB, where x represents the specific TC instance number) can be enabled and 
disabled in the Power Manager, and the default state of CLK_TCx_APB can be found in the Peripheral Clock Masking 
section in “PM — Power Manager” on page 110. 


The different TC instances are paired, even and odd, starting from TC1, and use the same generic clock, GCLK_TCx. 
This means that the TC instances in a TC pair cannot be set up to use different GCLK_TCx clocks. 


This generic clock is asynchronous to the user interface clock (CLK_TCx_APB). Due to this asynchronicity, accessing 
certain registers will require synchronization between the clock domains. Refer to “Synchronization” on page 585 for 
further details. 


28.5.4 DMA 


The DMA request lines (or line if only one request) are connected to the DMA Controller (DMAC). Using the TC DMA 
requests requires the DMA Controller to be configured first. Refer to “DIMAC — Direct Memory Access Controller” on 
page 271 for details. 


28.5.5 Interrupts 
The interrupt request line is connected to the Interrupt Controller. Using the TC interrupts requires the interrupt 
controller to be configured first. Refer to “Nested Vector Interrupt Controller” on page 26 for details. 

28.5.6 Events 
To use the TC event functionality, the corresponding events need to be configured in the event system. Refer to 
“EVSYS — Event System” on page 405 for details. 

28.5.7 Debug Operation 


When the CPU is halted in debug mode the TC will halt normal operation. The TC can be forced to continue operation 
during debugging. Refer to the DBGCTRL register for details. 
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28.5.8 


28.5.9 


Register Access Protection 
All registers with write-access are optionally write-protected by the peripheral access controller (PAC), except the 
following registers: 
e Interrupt Flag register (INTFLAG) 
Status register (STATUS) 
Read Request register (READREQ) 
Count register (COUNT), “Counter Value” on page 607 
Period register (PER), “ Period Value” on page 610 
Compare/Capture Value registers (CCx), “ Compare/Capture” on page 611 


Write-protection is denoted by the Write-Protection property in the register description. 
When the CPU is halted in debug mode, all write-protection is automatically disabled. 


Write-protection does not apply for accesses through an external debugger. Refer to “PAC — Peripheral Access 
Controller” on page 30 for details. 


Analog Connections 


Not applicable. 


28.6 Functional Description 
28.6.1 Principle of Operation 
The counter in the TC can be set to count on events from the Event System, or on the GCLK_TCx frequency. The 
pulses from GCLK_TCx will go through the prescaler, where it is possible to divide the frequency down. 
The value in the counter is passed to the compare/capture channels, where it can either be compared with user 
defined values or captured on a predefined event. 
The TC can be configured as an 8-, 16- or 32-bit counter. Which mode is chosen will determine the maximum range of 
the counter. The counter range combined with the operating frequency will determine the maximum time resolution 
achievable with the TC peripheral. 
The TC can be count up or down. By default, the counter will operate in a continuous mode and count up, where the 
counter will wrap to the zero when reaching the top value 
When one of the compare/capture channels is used in compare mode, the TC can be used for waveform generation. 
Upon a match between the counter and the value in one or more of the Compare/Capture Value registers (CCx), one 
or more output pins on the device can be set to toggle. The CCx registers and the counter can thereby be used in 
frequency generation and PWM generation. 
Capture mode can be used to automatically capture the period and pulse width of signals. 
28.6.2 Basic Operation 
28.6.2.1 Initialization 
The following register is enable-protected, meaning that it can only be written when the TC is disabled 
(CTRLA.ENABLE is zero): 
e Control A register (CTRLA), except the Run Standby (RUNSTDBY), Enable (ENABLE) and Software Reset 
(SWRST) bits 
The following bits are enable-protected: 
e Event Action bits in the Event Control register (EVCTRL.EVACT) 
Enable-protected bits in the CTRLA register can be written at the same time as CTRLA.ENABLE is written to one, but 
not at the same time as CTRLA.ENABLE is written to zero. 
Before the TC is enabled, it must be configured, as outlined by the following steps: 
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The TC bus clock (CLK_TCx_APB) must be enabled 
The mode (8, 16 or 32 bits) of the TC must be selected in the TC Mode bit group in the Control A register 
(CTRLA.MODE). The default mode is 16 bits 

e One of the wavegen modes must be selected in the Waveform Generation Operation bit group in the Control A 
register (CTRLA.WAVEGEN) 

e If the GCLK_TCx frequency used should be prescaled, this can be selected in the Prescaler bit group in the 
Control A register (CTRLA.PRESCALER) 

e If the prescaler is used, one of the presync modes must be chosen in the Prescaler and Counter 
Synchronization bit group in the Control A register (CTRLA.PRESYNC) 

e  One-shot mode can be selected by writing a one to the One-Shot bit in the Control B Set register 
(CTRLBSET.ONESHOT) 

e If the counter should count down from the top value, write a one to the Counter Direction bit in the Control B Set 
register (CTRLBSET.DIR) 

e If capture operations are to be used, the individual channels must be enabled for capture in the Capture 
Channel x Enable bit group in the Control C register (CTRLC.CPTEN) 


e The waveform output for individual channels can be inverted using the Waveform Output Invert Enable bit 
group in the Control C register (CTRLC.INVEN) 


28.6.2.2 Enabling, Disabling and Resetting 


The TC is enabled by writing a one to the Enable bit in the Control A register (CTRLA.ENABLE). The TC is disabled 
by writing a zero to CTRLA.ENABLE. 


The TC is reset by writing a one to the Software Reset bit in the Control A register (CTRLA.SWRST). All registers in 
the TC, except DBGCTRL, will be reset to their initial state, and the TC will be disabled. Refer to the CTRLA register 
for details. 


The TC should be disabled before the TC is reset to avoid undefined behavior. 


28.6.2.3 Prescaler Selection 


As seen in Figure 28-2, the GCLK_TC clock is fed into the internal prescaler. Prescaler output intervals from 1 to 
1/1024 are available. For a complete list of available prescaler outputs, see the register description for the Prescaler 
bit group in the Control A register (CTRLA.PRESCALER). 


The prescaler consists of a counter that counts to the selected prescaler value, whereupon the output of the prescaler 
toggles. 


When the prescaler is set to a value greater than one, it is necessary to choose whether the prescaler should reset its 
value to zero or continue counting from its current value on the occurrence of an overflow or underflow. It is also 
necessary to choose whether the TC counter should wrap around on the next GCLK_TC clock pulse or the next 
prescaled clock pulse (CLK_TC_CNT of Figure 28-2). To do this, use the Prescaler and Counter Synchronization bit 
group in the Control A register (CTRLA.PRESYNC). 


If the counter is set to count events from the event system, these will not pass through the prescaler, as seen in Figure 
28-2. 


Figure 28-2. Prescaler 







GCLK_TC PRESCALER 
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28.6.2.4 TC Mode 


The counter mode is selected with the TC Mode bit group in the Control A register (CTRLA.MODE). By default, the 
counter is enabled in the 16-bit counter mode. 


Three counter modes are available: 

e COUNTS: The 8-bit TC has its own Period register (PER). This register is used to store the period value that 
can be used as the top value for waveform generation. 
COUNT1E: This is the default counter mode. There is no dedicated period register in this mode. 
COUNT32: This mode is achieved by pairing two 16-bit TC peripherals. This pairing is explained in “Clocks” on 
page 575. The even-numbered TC instance will act as master to the odd-numbered TC peripheral, which will 
act as a slave. The slave status of the slave is indicated by reading the Slave bit in the Status register 
(STATUS.SLAVE). The registers of the slave will not reflect the registers of the 32-bit counter. Writing to any of 
the slave registers will not affect the 32-bit counter. Normal access to the slave COUNT and CCx registers is 
not allowed. 


28.6.2.5 Counter Operations 


The counter can be set to count up or down. When the counter is counting up and the top value is reached, the 
counter will wrap around to zero on the next clock cycle. When counting down, the counter will wrap around to the top 
value when zero is reached. In one-shot mode, the counter will stop counting after a wraparound occurs. 


To set the counter to count down, write a one to the Direction bit in the Control B Set register (CTRLBSET.DIR). To 
count up, write a one to the Direction bit in the Control B Clear register (CTRLBCLR.DIR). 


Each time the counter reaches the top value or zero, it will set the Overflow Interrupt flag in the Interrupt Flag Status 
and Clear register (INTFLAG.OVF). It is also possible to generate an event on overflow or underflow when the 
Overflow/Underflow Event Output Enable bit in the Event Control register (EVCTRL.OVFEO) is one. 


The counter value can be read from the Counter Value register (COUNT) or a new value can be written to the COUNT 
register. Figure 28-3 gives an example of writing a new counter value. The COUNT value will always be zero when 
starting the TC, unless some other value has been written to it or if the TC has been previously reloaded at TOP 
value, because stopped while TC was counting down. 


Figure 28-3. Counter Operation 
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Stop Command 


On the stop command, which can be evoked in the Command bit group in the Control B Set register 
(CTRLBSET.CMD), the counter will retain its current value. All waveforms are cleared. The counter stops counting, 
and the Stop bit in the Status register is set (STATUS.STOP). 
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Retrigger Command and Event Action 


Retriggering can be evoked either as a software command, using the Retrigger command in the Control B Set register 
(CTRLBSET.CMD), or as a retrigger event action, using the Event Action bit group in the Event Control register 
(EVCTRL.EVACT). 

When a retrigger is evoked while the counter is running, the counter will wrap to the top value or zero, depending on 
the counter direction. 

When a retrigger is evoked with the counter stopped, the counter will continue counting from the value in the COUNT 
register. 

Note: When retrigger event action is configured and enabled as an event action, enabling the counter will not start the 
counter. The counter will start at the next incoming event and restart on any following event. 

Count Event Action 


When the count event action is configured, every new incoming event will make the counter increment or decrement, 
depending on the state of the direction bit (CTRLBSET.DIR). 


Start Event Action 


When the TC is configured with a start event action in the EVCTRL.EVACT bit group, enabling the TC does not make 
the counter start; the start is postponed until the next input event or software retrigger action. When the counter is 
running, an input event has not effect on the counter. 


28.6.2.6 Compare Operations 


When using the TC with the Compare/Capture Value registers (CCx) configured for compare operation, the counter 
value is continuously compared to the values in the CCx registers. This can be used for timer or waveform operation. 


Waveform Output Operations 
The compare channels can be used for waveform generation on the corresponding I/O pins. To make the waveform 
visible on the connected pin, the following requirements must be fulfilled: 

e Choose a waveform generation operation 

e Optionally, invert the waveform output by writing the corresponding Waveform Output Invert Enable bit in the 

Control C register (CTRLC.INVx) 

e Enable the corresponding multiplexor in the PORT 
The counter value is continuously compared with each CCx available. When a compare match occurs, the Match or 
Capture Channel x interrupt flag in the Interrupt Flag Status and Clear register (INTFLAG.MCx) is set on the next 
zero-to-one transition of CLK_TC_CNT (see Figure 28-4). An interrupt and/or event can be generated on such a 
condition when INTENSET.MCx and/or EVCTRL.MCEOx is one. 
One of four configurations in the Waveform Generation Operation bit group in the Control A register 
(CTRLA.WAVEGEN) must be chosen to perform waveform generation. This will influence how the waveform is 
generated and impose restrictions on the top value. The four configurations are: 

e Normal frequency (NFRQ) 

e Match frequency (MFRQ) 

e = Normal PWM (NPWM) 

e Match PWM (MPWM) 
When using NPWM or NFRQ, the top value is determined by the counter mode. In 8-bit mode, the Period register 
(PER) is used as the top value and the top value can be changed by writing to the PER register. In 16- and 32-bit 
mode, the top value is fixed to the maximum value of the counter. 


Frequency Operation 


When NFRQ is used, the waveform output (WO[x]) toggles every time CCx and the counter are equal, and the 
interrupt flag corresponding to that channel will be set. 
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Figure 28-4. Normal Frequency Operation 





CNT written 











(_) “wraparound " 






When MFR@ is used, the value in CCO will be used as the top value and WO[0] will toggle on every 
overflow/underflow. 


Figure 28-5. Match Frequency Operation 
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PWM Operation 

In PWM operation, the CCx registers control the duty cycle of the waveform generator output. Figure 28-6 shows how 
in count-up the WO[x] output is set at a start or compare match between the COUNT value and the top value and 
cleared on the compare match between the COUNT value and CCx register value. 


In count-down the WOJ[x] output is cleared at start or compare match between the COUNT value and the top value 
and set on the compare match between the COUNT value and CCx register value. 
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Figure 28-6. Normal PWM Operation 


r Period(T 


TOP 




















“wraparound " 
CCn= TOP _ a 
match 











COUNT 
CCn 











Zero 





Wwo[x] 








In match operation, Compare/Capture register CCO is used as the top value, in this case a negative pulse will appear 


on WO[0] on every overflow/underflow. 


The following equation is used to calculate the exact period for a single-slope PWM (Rpywm_ss) waveform: 


_ log(TOP + 1) 


Rpwm_ss log(2) 


f = foLk Tc 
PWS NC TOP S41) 


where N represent the prescaler divider used (1, 2, 4, 8, 16, 64, 256, 1024). 


Changing the Top Value 


Changing the top value while the counter is running is possible. If a new top value is written when the counter value is 
close to zero and counting down, the counter can be reloaded with the previous top value, due to synchronization 
delays. If this happens, the counter will count one extra cycle before the new top value is used. 


Figure 28-7. Changing the Top Value when Counting Down 
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When counting up a change from a top value that is lower relative to the old top value can make the counter miss this 
change if the counter value is larger than the new top value when the change occurred. This will make the counter 
count to the max value. An example of this can be seen in Figure 28-8. 


Figure 28-8. Changing the Top Value when Counting Up 
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28.6.2.7 Capture Operations 


To enable and use capture operations, the event line into the TC must be enabled using the TC Event Input bit in the 
Event Control register (EVCTRL.TCEI). The capture channels to be used must also be enabled in the Capture 
Channel x Enable bit group in the Control C register (CTRLC.CPTENx) before capture can be performed. 


Event Capture Action 


The compare/capture channels can be used as input capture channels to capture any event from the Event System. 
Because all capture channels use the same event line, only one capture channel should be enabled at a time when 
performing event capture. 


Figure 28-9 shows four capture events for one capture channel. 


Figure 28-9. Input Capture Timing 
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When the Capture Interrupt flag is set and a new capture event is detected, there is nowhere to store the new 
timestamp. As a result, the Error Interrupt flag in the Interrupt Flag Status and Clear register (INTFLAG.ERR) is set. 
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Period and Pulse-Width Capture Action 


The TC can perform two input captures and restart the counter on one of the edges. This enables the TC to measure 
the pulse width and period. This can be used to characterize the frequency and duty cycle of an input signal: 


i} 


> 


= 2 

dutyCycle 5 

When using PPW event action, the period (T) will be captured into CCO and the pulse width (t,) in CC1. In PWP event 
action, the pulse width (t,) will be captured in CCO and the period (T) in CC1. 


Selecting PWP (pulse-width, period) or PPW (period, pulse-width) in the Event Action bit group in the Event Control 
register (EVCTRL.EVACT) enables the TC to performs two capture actions, one on the rising edge and one on the 
falling edge. 


The TC Inverted Event Input in the Event Control register (EVCTRL.TCINV) is used to select whether the wraparound 
should occur on the rising edge or the falling edge. If EVCTRL.TCINV is written to one, the wraparound will happen on 
the falling edge. The event source to be captured must be an asynchronous event. 


To fully characterize the frequency and duty cycle of the input signal, activate capture on CCO and CC1 by writing 0x3 
to the Capture Channel x Enable bit group in the Control C register (CTRLC.CPTEN). When only one of these 
measurements is required, the second channel can be used for other purposes. 


The TC can detect capture overflow of the input capture channels. When the Capture Interrupt flag is set and a new 
capture event is detected, there is nowhere to store the new timestamp. Asa result, INTFLAG.ERR is set. 


28.6.3 Additional Features 
28.6.3.1 One-Shot Operation 


When one-shot operation is enabled, the counter automatically stops on the next counter overflow or underflow 
condition. When the counter is stopped, STATUS.STOP is automatically set by hardware and the waveform outputs 
are set to zero. 


One-shot operation can be enabled by writing a one into the One-Shot bit in the Control B Set register 
(CTRLBSET.ONESHOT) and disabled by writing a one to the One-Shot bit in the Control B Clear register 
(CTRLBCLR.ONESHOT). When enabled, it will count until an overflow or underflow occurs. The one-shot operation 
can be restarted with a retrigger command, a retrigger event or a start event. 


When the counter restarts its operation, the Stop bit in the Status register (STATUS.STOP) is automatically cleared by 
hardware. 
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28.6.4 DMA, Interrupts and Events 


Table 28-1. Module Request for TC 


DMA request is 





















































lofey ave lia eval TaiCcYaa lol mate [U(-t-y4 Event output Event input DMA request fog (-¥-1 =e | 

Overflow / . , . Cleared on next 

Underflow clock cycle 

For compare 
channel - Cleared 
on next clock 

Channel F cycle. 

Compare Match x x x 

or Capture For capture 
channel — cleared 

when CCx 
register is read 
Capture Overflow 
x 

Error 

Synchronization . 

Ready 

Start Counter X 

Retrigger ig 

Counter 

Increment / 

Decrement x 

counter 

Simple Capture x 

Period Capture x 

Pulse Width J 

Capture 

Note: 1. Two DMA requests lines are available, one for each compare/capture channel. 


28.6.4.1 DMA Operation 


The TC can generate the following DMA requests: 


e Overflow (OVF): the request is set when an update condition (overflow, underflow) is detected. The request is 


cleared on next clock cycle. 


e Channel Match or Capture (MCx): for a compare channel, the request is set on each compare match detection 
and cleared on next clock cycle. For a capture channel, the request is set when valid data is present in CCx 


register, and cleared when CCx register is read. 
When using the TC with the DMA OVF request, the new value will be transfered to the register after the update 


condition. This means that the value is updated after the DMA and synchronization delay, and if the COUNT value has 
reached the new value before PER or CCx is updated, a match will not happen. 


When using the TC with the DMA MCx request and updating CCx with a value that is lower than the current COUNT 
when down-counting, or higher than the current COUNT when up-counting, this value could cause a new compare 

match before the counter overflows. This will trigger the next DMA transfer, update CCx again, and the previous value 
is disregarded from the output signal WO[x]. 
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28.6.4.2 Interrupts 


The TC has the following interrupt sources: 
e Overflow/Underflow: OVF 

e Compare or Capture Channels 

e Capture Overflow Error: ERR 

e Synchronization Ready: SYNCRDY 


Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status and Clear 
register (INTFLAG) is set when the interrupt condition occurs. Each interrupt can be individually enabled by writing a 
one to the corresponding bit in the Interrupt Enable Set register (INTENSET), and disabled by writing a one to the 
corresponding bit in the Interrupt Enable Clear register (INTENCLR). An interrupt request is generated when the 
interrupt flag is set and the corresponding interrupt is enabled. The interrupt request remains active until the interrupt 
flag is cleared, the interrupt is disabled or the TC is reset. See the INTFLAG register for details on how to clear 
interrupt flags. 


The TC has one common interrupt request line for all the interrupt sources. The user must read the INTFLAG register 
to determine which interrupt condition is present. Note that interrupts must be globally enabled for interrupt requests 
to be generated. Refer to “Nested Vector Interrupt Controller’ on page 26 for details. 


28.6.4.3 Events 


28.6.5 


28.6.6 


The TC can generate the following output events: 
e = Overflow/Underflow (OVF) 
e Match or Capture (MC) 
Writing a one to an Event Output bit in the Event Control register (EVCTRL.MCEO) enables the corresponding output 
event. Writing a zero to this bit disables the corresponding output event. 
To enable one of the following event actions, write to the Event Action bit group (EVCTRL.EVACT). 
Start the counter 
Retrigger counter 
Increment or decrement counter (depends on counter direction) 
Capture event 
Capture period 
Capture pulse width 
Writing a one to the TC Event Input bit in the Event Control register (EVCTRL.TCEI) enables input events to the TC. 


Writing a zero to this bit disables input events to the TC. Refer to “EVSYS — Event System” on page 405 for details on 
configuring the Event System. 


Sleep Mode Operation 


The TC can be configured to operate in any sleep mode. To be able to run in standby, the RUNSTDBY bit in the 
Control A register (CTRLA.RUNSTDBY) must be written to one. The TC can wake up the device using interrupts from 
any sleep mode or perform actions through the Event System. 


Synchronization 
Due to the asynchronicity between CLK_TCx_APB and GCLK_TCx some registers must be synchronized when 
accessed. A register can require: 

e — Synchronization when written 

e Synchronization when read 

e Synchronization when written and read 

e No synchronization 
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When executing an operation that requires synchronization, the Synchronization Busy bit in the Status register 
(STATUS.SYNCBUSY) will be set immediately, and cleared when synchronization is complete. The synchronization 
Ready interrupt can be used to signal when sync is complete. This can be accessed via the Synchronization Ready 
Interrupt Flag in the Interrupt Flag Status and Clear register (INTFLAG.SYNCRDY). 


If an operation that requires synchronization is executed while STATUS.SYNCBUSY is one, the bus will be stalled. All 
operations will complete successfully, but the CPU will be stalled and interrupts will be pending as long as the bus is 
stalled. 
The following bits need synchronization when written: 
e Software Reset bit in the Control A register (CTRLA.SWRST) 
e Enable bit in the Control A register (CTRLA.ENABLE) 
Write-synchronization is denoted by the Write-Synchronized property in the register description. 
The following registers need synchronization when written: 
e Control B Clear register (CTRLBCLR) 
Control B Set register (CTRLBSET) 
Control C register (CTRLC) 
Count Value register (COUNT) 
Period Value register (PERIOD) 
Compare/Capture Value registers (CCx) 


Write-synchronization is denoted by the Write-Synchronized property in the register description. 
The following registers need synchronization when read: 
e Control B Clear register (CTRLBCLR) 
Control B Set register (CTRLBSET) 
Control C register (CTRLC) 
Count Value register (COUNT) 
Period Value register (PERIOD) 
Compare/Capture Value registers (CCx) 


Read-synchronization is denoted by the Read-Synchronized property in the register description. 
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28.7 Register Summary 


Table 28-2. Register Summary — 8-Bit Mode Registers 




































































































































































Offset Name Bit Pos. 
0x00 7:0 WAVEGEN|1:0] MODE[1:0] ENABLE SWRST 
tJ CTRLA 
0x01 15:8 PRESCSYNC[1:0] RUNSTDBY PRESCALER[2:0] 
0x02 7:0 ADDR[4:0] 
It; READREQ 
0x03 15:8 RREQ RCONT 
0x04 CTRLBCLR 7:0 CMD[1:0] ONESHOT DIR 
0x05 CTRLBSET 7:0 CMD[1:0] ONESHOT DIR 
0x06 CTRLC 7:0 CPTEN1 CPTENO INVEN1 INVENO 
0x07 Reserved 
0x08 DBGCTRL 7:0 DBGRUN 
0x09 Reserved 
0x0A 7:0 TCEl TCINV EVACT[2:0] 
EVCTRL 
0x0B 15:8 MCEO1 MCEOO OVFEO 
0x0C INTENCLR 7:0 MC1 MCO SYNCRDY ERR OVF 
0x0D INTENSET 7:0 MC1 MCO SYNCRDY ERR OVF 
Ox0E INTFLAG 7:0 MC1 MCO SYNCRDY ERR OVF 
Ox0F STATUS 7:0 SYNCBUSY SLAVE STOP 
0x10 COUNT 7:0 COUNT|([7:0] 
0x11 Reserved 
0x12 Reserved 
0x13 Reserved 
0x14 PER 7:0 PER[7:0] 
0x15 Reserved 
0x16 Reserved 
0x17 Reserved 
0x18 cco 7:0 CC[7:0] 
0x19 CcCc1 7:0 CC[7:0] 
Ox1A Reserved 
0x1B Reserved 
0x1C Reserved 
0x1D Reserved 
Ox1E Reserved 
Ox1F Reserved 
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Table 28-3. Register Summary — 16-Bit Mode Registers 













































































































































































Offset ETC} Bit Pos. 
0x00 7:0 WAVEGEN|[1:0] MODE[1:0] ENABLE SWRST 
CTRLA 

0x01 15:8 PRESCSYNC[1:0] RUNSTDBY PRESCALER[2:0] 
0x02 7:0 ADDR[4:0] 

READREQ 
0x03 158 RREQ RCONT 
0x04 CTRLBCLR 7:0 CMD[1:0] ONESHOT DIR 
0x05 CTRLBSET 7:0 CMD[1:0] ONESHOT DIR 
0x06 CTRLC 7:0 CPTEN1 CPTENO INVEN1 INVENO 
0x07 Reserved 
0x08 DBGCTRL 7:0 DBGRUN 
0x09 Reserved 
Ox0A 7:0 TCEI TCINV EVACT[2:0] 

EVCTRL 
0x0B 15:8 MCEO1 MCEOO OVFEO 
0x0C INTENCLR 7:0 MC1 MCO SYNCRDY ERR OVF 
0x0D INTENSET 7:0 MC1 MCO SYNCRDY ERR OVF 
Ox0E INTFLAG 7:0 MC1 MCO SYNCRDY ERR OVF 
OxOF STATUS 7:0 SYNCBUSY SLAVE STOP 
0x10 7:0 COUNT[7:0] 

COUNT 
0x11 15:8 COUNT([15:8] 
0x12 Reserved 
0x13 Reserved 
0x14 Reserved 
0x15 Reserved 
0x16 Reserved 
0x17 Reserved 
0x18 7:0 CC[7:0] 
cco 
0x19 15:8 CC[15:8] 
Ox1A 7:0 CC[7:0] 
CCci 
0x1B 15:8 CC[15:8] 
0x1C Reserved 
0x1D Reserved 
Ox1E Reserved 
Ox1F Reserved 
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Table 28-4. Register Summary — 32-Bit Mode Registers 













































































































































































Offset ETN Bit Pos. 

0x00 7:0 WAVEGEN[1:0] MODE[1:0] ENABLE SWRST 

CTRLA 
0x01 15:8 PRESCSYNC[1:0] RUNSTDBY PRESCALER[2:0] 
0x02 7:0 ADDR[4:0] 

READREQ 

0x03 15:8 RREQ RCONT 
0x04 CTRLBCLR 7:0 CMD[1:0] ONESHOT DIR 
0x05 CTRLBSET 7:0 CMD[1:0] ONESHOT DIR 
0x06 CTRLC 7:0 CPTEN1 CPTENO INVEN1 INVENO 
0x07 Reserved 
0x08 DBGCTRL 7:0 DBGRUN 
0x09 Reserved 
Ox0A 7:0 TCEI TCINV EVACT[2:0] 

EVCTRL 
0x0B 15:8 MCEO1 MCEOO OVFEO 
0x0C INTENCLR 7:0 MC1 MCO SYNCRDY ERR OVF 
0x0D INTENSET 7:0 MC1 MCO SYNCRDY ERR OVF 
Ox0E INTFLAG 7:0 MC1 MCO SYNCRDY ERR OVF 
OxOF STATUS 7:0 SYNCBUSY SLAVE STOP 
0x10 7:0 COUNT|[7:0] 
0x11 15:8 COUNT[15:8] 

COUNT 
0x12 23:16 COUNT[23:16] 
0x13 31:24 COUNT[31:24] 
0x14 Reserved 
0x15 Reserved 
0x16 Reserved 
0x17 Reserved 
0x18 7:0 CC[7:0] 
0x19 15:8 CC[15:8] 

cco 
Ox1A 23:16 CC[23:16] 
0x1B 31:24 CC[31:24] 
0x1C 7:0 CC[7:0] 
0x1D 15:8 CC[15:8] 
cei 

Ox1E 23:16 CC[23:16] 
Ox1F 31:24 CC[31:24] 
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28.8 Register Description 


Registers can be 8, 16 or 32 bits wide. Atomic 8-, 16- and 32-bit accesses are supported. In addition, the 8-bit 
quarters and 16-bit halves of a 32-bit register and the 8-bit halves of a 16-bit register can be accessed directly. 


Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Write-protection is denoted 
by the Write-Protected property in each individual register description. Refer to the “Register Access Protection” on 
page 576 and the “PAC — Peripheral Access Controller” on page 30 for details. 


Some registers require synchronization when read and/or written. Synchronization is denoted by the Write- 
Synchronized or Read-Synchronized property in each individual register description. Refer to “Synchronization” on 
page 585 for details. 


Some registers are enable-protected, meaning they can only be written when the TC is disabled. Enable-protection is 
denoted by the Enable-Protected property in each individual register description. 
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28.8.1 


Control A 


Name: CTRLA 
Offset: 0x00 
Reset: 0x0000 


Property: Write-Protected, Enable-Protected, Write-Synchronized 
























































Bit 15 14 13 12 11 10 9 8 
PRESCSYNC[1:0] RUNSTDBY PRESCALER[2:0] 
Access R R R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
WAVEGEN|[1:0] MODE[1:0] ENABLE SWRST 
Access R R/W R/W R R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
e Bits 15:14 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
e Bits 13:12 - PRESCSYNC[1:0]: Prescaler and Counter Synchronization 
These bits select whether on start or retrigger event the counter should wrap around on the next GCLK_TCx 
clock or the next prescaled GCLK_TCx clock. It’s also possible to reset the prescaler. 
The options are as shown in Table 28-5. 
These bits are not synchronized. 
Table 28-5. Prescaler and Counter Synchronization 
AYETIUT=) Name Description 
0x0 GCLK Reload or reset the counter on next generic clock 
Ox1 PRESC Reload or reset the counter on next prescaler clock 
Ox2 RESYNC Reload or reset the counter on next generic clock. Reset the prescaler counter 
0x3 - Reserved 

















e Bit 11 - RUNSTDBY: Run in Standby 
This bit is used to keep the TC running in standby mode: 


0: The TC is halted in standby. 
1: The TC continues to run in standby. 
This bit is not synchronized. 


e Bits 10:8 - PRESCALER[2:0]: Prescaler 
These bits select the counter prescaler factor, as shown in Table 28-6. 


These bits are not synchronized. 
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Table 28-6. Prescaler 


fe nme eciten 





0x0 


0x1 
0x2 
0x3 
0x4 
0x5 
Ox6 
0x7 


DIV1 Prescaler: GCLK_TC 
DIV2 Prescaler: GCLK_TC/2 
DIV4 Prescaler: GCLK_TC/4 
DIV8 Prescaler: GCLK_TC/8 
DIV16 Prescaler: GCLK_TC/16 
DIV64 Prescaler: GCLK_TC/64 
DIV256 Prescaler: GCLK_TC/256 
DIV1024 Prescaler: GCLK_TC/1024 


Bit 7 — Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bits 6:5 - WAVEGEN[1:0]: Waveform Generation Operation 

These bits select the waveform generation operation. They affect the top value, as shown in “Waveform Output 
Operations” on page 579. It also controls whether frequency or PWM waveform generation should be used. 
How these modes differ can also be seen from “Waveform Output Operations” on page 579. 


These bits are not synchronized. 


Table 28-7. Waveform Generation Operation 


Waveform Output | Waveform Output 





0x0 
Ox1 


Ox2 


0x3 


Note: 


Atmel 


Operation Top Value on Match on Wraparound 

NFRQ Normal frequency PER'')/Max Toggle No action 

MFRQ Match frequency CCO Toggle No action 
Clear when Set when counting 

1 counting up up 

NPWM Normal PWM PER'')/Max 
Set when counting Clear when 
down counting down 
Clear when Set when counting 
counting up up 


MPWM Match PWM CCO 
Set when counting Clear when 


down counting down 


1. This depends on the TC mode. In 8-bit mode, the top value is the Period Value register (PER). In 16- and 
32-bit mode it is the maximum value. 


Bit 4 —- Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bits 3:2 - MODE[1:0]: TC Mode 
These bits select the TC mode, as shown in Table 28-8. 
These bits are not synchronized. 
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Table 28-8. TC Mode 














Name Description 
0x0 COUNT16 Counter in 16-bit mode 
0x1 COUNT8 Counter in 8-bit mode 
0x2 COUNT32 Counter in 32-bit mode 
0x3 - Reserved 
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Bit 1 - ENABLE: Enable 
0: The peripheral is disabled. 


1: The peripheral is enabled. 


Due to synchronization, there is delay from writing CTRLA.ENABLE until the peripheral is enabled/disabled. 
The value written to CTRLA.ENABLE will read back immediately, and the Synchronization Busy bit in the Sta- 
tus register (STATUS.SYNCBUSY) will be set. STATUS.SYNCBUSY will be cleared when the operation is 
complete. 


Bit 0 - SWRST: Software Reset 

0: There is no reset operation ongoing. 

1: The reset operation is ongoing. 

Writing a zero to this bit has no effect. 

Writing a one to this bit resets all registers in the TC, except DBGCTRL, to their initial state, and the TC will be 
disabled. 

Writing a one to CTRLA.SWRST will always take precedence; all other writes in the same write-operation will 
be discarded. 


Due to synchronization there is a delay from writing CTRLA.SWRST until the reset is complete. 
CTRLA.SWRST and STATUS.SYNCBUSY will both be cleared when the reset is complete. 
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28.8.2 Read Request 


Bit 


Access 


Reset 


Bit 


Access 


Reset 
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For a detailed description of this register and its use, refer to the“Synchronization” on page 585. 
Name: READREQ 

Offset: 0x02 

Reset: 0x0000 












































Property: - 
15 14 13 12 11 10 9 8 
RREQ RCONT | | 

Ww R/W R R R R R R 

0 0 0 0 0 0 0 0 

7 6 5 4 3 2 1 0 

| | ADDR[4:0] 

R R R R/W R/W R/W R/W R/W 
0 0 0 0 0 0 0 0 


Bit 15 - RREQ: Read Request 

Writing a zero to this bit has no effect. 

This bit will always read as zero. 

Writing a one to this bit requests synchronization of the register pointed to by the Address bit group (READ- 
REQ.ADDR) and sets the Synchronization Busy bit in the Status register (STATUS.SYNCBUSY). 


Bit 14 - RCONT: Read Continuously 

0: Continuous synchronization is disabled. 

1: Continuous synchronization is enabled. 

When continuous synchronization is enabled, the register pointed to by the Address bit group (READ- 
REQ.ADDR) will be synchronized automatically every time the register is updated. 


Bits 13:5 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bits 4:0 - ADDR[4:0]: Address 
These bits select the offset of the register that needs read synchronization. In the TC, only COUNT and CCx 
are available for read synchronization. 
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28.8.3 


Control B Clear 


This register allows the user to change this register without doing a read-modify-write operation. Changes in this 
register will also be reflected in the Control B Set (CTRLBSET) register. 


Name: CTRLBCLR 


Offset: 0x04 
Reset: 0x00 


Property: Write-Protected, Write-Synchronized, Read-Synchronized 















































Bit 7 6 5 3 2 0 
CMD[1:0] ONESHOT DIR 
Access R/W R/W R R R/W R/W 
Reset 0 0 0 0 0 0 
e__ Bits 7:6 - CMD[1:0]: Command 
These bits are used for software control of retriggering and stopping the TC. When a command has been exe- 
cuted, the CMD bit group will read back as zero. The commands are executed on the next prescaled GCLK_TC 
clock cycle. 
Writing a zero to one of these bits has no effect. 
Writing a one to one of these bits will clear the pending command. 
Table 28-9. Command 
Value Name Description 
0x0 NONE No action 
Ox1 RETRIGGER Force a start, restart or retrigger 
Ox2 STOP Force a stop 
0x3 - Reserved 

















e Bits 5:3 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bit 2— ONESHOT: One-Shot 
This bit controls one-shot operation of the TC. When in one-shot mode, the TC will stop counting on the next 


overflow/underflow condition or a stop command. 
0: The TC will wrap around and continue counting on an overflow/underflow condition. 


1: The TC will wrap around and stop on the next underflow/overflow condition. 


Writing a zero to this bit has no effect. 


Writing a one to this bit will disable one-shot operation. 


e Bit 1 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


e Bit 0 — DIR: Counter Direction 


This bit is used to change the direction of the counter. 
0: The timer/counter is counting up (incrementing). 
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1: The timer/counter is counting down (decrementing). 
Writing a zero to this bit has no effect. 
Writing a one to this bit will make the counter count up. 
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28.8.4 


Control B Set 


This register allows the user to change this register without doing a read-modify-write operation. Changes in this 
register will also be reflected in the Control B Set (CTRLBCLR) register. 


Name: CTRLBSET 
Offset: 0x05 
Reset: 0x00 


Property: Write-Protected, Write-Synchronized, Read-Synchronized 









































Bit 7 6 5 4 3 2 0 
CMD[1:0] ONESHOT DIR 
Access R/IW R/IW R R R R/W R/W 
Reset 0 0 0 0 0 0 0 
e Bits 7:6 - CMD[1:0]: Command 
These bits is used for software control of retriggering and stopping the TC. When a command has been exe- 
cuted, the CMD bit group will be read back as zero. The commands are executed on the next prescaled 
GCLK_TC clock cycle. 
Writing a zero to one of these bits has no effect. 
Writing a one to one of these bits will set a command. 
Table 28-10. Command 
Value Name Description 
0x0 NONE No action 
Ox1 RETRIGGER Force a start, restart or retrigger 
0x2 STOP Force a stop 
0x3 - Reserved 

















e. Bits 5:3 — Reserved 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bit 2— ONESHOT: One-Shot 
This bit controls one-shot operation of the TC. When active, the TC will stop counting on the next over- 


flow/underflow condition or a stop command. 


0: The TC will wrap around and continue counting on an overflow/underflow condition. 
1: The timer/counter will wrap around and stop on the next underflow/overflow condition. 


Writing a zero to this bit has no effect. 
Writing a one to this bit will enable one-shot operation. 


e Bit 1 — Reserved 


This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


e Bit 0 — DIR: Counter Direction 
This bit is used to change the direction of the counter. 


0: The timer/counter is counting up (incrementing). 
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1: The timer/counter is counting down (decrementing). 
Writing a zero to this bit has no effect 
Writing a one to this bit will make the counter count down. 
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28.8.5 Control C 


Bit 


Access 


Reset 
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Name: CTRLC 
Offset: 0x06 
Reset: 0x00 


Property: Write-Protected, Write-Synchronized, Read-Synchronized 





























7 6 5 4 3 2 1 0 
CPTEN1 CPTENO INVEN1 INVENO 

R R R/W R/W R R R/W R/W 

0 0 0 0 0 0 0 0 


Bits 7:6 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bits 5:4 - CPTENx: Capture Channel x Enable 
These bits are used to select whether channel x is a capture or a compare channel. 


Writing a one to CPTENx enables capture on channel x. 
Writing a zero to CPTENx disables capture on channel x. 


Bits 3:2 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bits 1:0 — INVENx: Waveform Output x Invert Enable 
These bits are used to select inversion on the output of channel x. 


Writing a one to INVENx inverts the output from WO[x]. 
Writing a zero to INVENx disables inversion of the output from WO[x]. 
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28.8.6 Debug Control 


Name: DBGCTRL 
Offset: 0x08 
Reset: 0x00 


Property: Write-Protected 





























Bit 7 6 5 4 3 2 1 0 
DBGRUN 

Access R R R R R R R R/W 

Reset 0 0 0 0 0 0 0 0 


e Bits 7:1 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bit 0- DBGRUN: Debug Run Mode 
This bit is not affected by a software reset, and should not be changed by software while the TC is enabled. 


0: The TC is halted when the device is halted in debug mode. 
1: The TC continues normal operation when the device is halted in debug mode. 
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28.8.7 Event Control 
Name: EVCTRL 
Offset: Ox0A 
Reset: 0x0000 
Property: Write-Protected, Enable-Protected 
























































Bit 15 14 13 12 1 10 9 8 
MCEO1 MCEOO OVFEO 
Access R R R/W R/W R R R R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
TCEI TCINV EVACT[2:0] 
Access R R RIW RW R RW R/IW RIW 
Reset 0 0 0 0 0 0 0 0 
e Bits 15:14 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
e Bits 13:12 - MCEOx: Match or Capture Channel x Event Output Enable 
These bits control whether event match or capture on channel x is enabled or not and generated for every 
match or capture. 
0: Match/Capture event on channel x is disabled and will not be generated. 
1: Match/Capture event on channel x is enabled and will be generated for every compare/capture. 
These bits are not enable-protected. 
e Bits 11:9 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
e Bit 8 -OVFEO: Overflow/Underflow Event Output Enable 
This bit is used to enable the Overflow/Underflow event. When enabled an event will be generated when the 
counter overflows/underflows. 
0: Overflow/Underflow event is disabled and will not be generated. 
1: Overflow/Underflow event is enabled and will be generated for every counter overflow/underflow. 
This bit is not enable-protected. 
e Bits 7:6 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
e Bit 5-—TCEI: TC Event Input 
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This bit is used to enable input events to the TC. 
0: Incoming events are disabled. 

1: Incoming events are enabled. 

This bit is not enable-protected. 
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e Bit 4-TCINV: TC Inverted Event Input 
This bit inverts the input event source when used in PWP or PPW measurement. 


0: Input event source is not inverted. 
1: Input event source is inverted. 


This bit is not enable-protected. 


e Bit 3 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


e Bits 2:0 - EVACT[2:0]: Event Action 
These bits define the event action the TC will perform on an event,as shown in Table 28-11. The EVACT can 
only be changed while the TC is disabled. 


Table 28-11. Event Action 






































Value Name Description 
0x0 OFF Event action disabled 
0x1 RETRIGGER Start, restart or retrigger TC on event 
0x2 COUNT Count on event 
0x3 START Start TC on event 
0x4 - Reserved 
0x5 PPW Period captured in CCO, pulse width in CC1 
Ox6 PWP. Period captured in CC1, pulse width in CCO 
Ox7 - Reserved 
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28.8.8 Interrupt Enable Clear 


This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes in this 
register will also be reflected in the Interrupt Enable Set register (INTENSET). 


Name: INTENCLR 
Offset: 0x0C 
Reset: 0x00 


Property: Write-Protected 



































Bit 7 6 5 4 3 2 1 0 
MC1 MCO SYNCRDY ERR OVF 
Access R R/W R/W R/W R/W R R/W R/W 
Reset 0 0 0 0 0 0 0 0 
e_.©Bits 7:6 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
e Bits 5:4 - MCx: Match or Capture Channel x Interrupt Enable 
0: The Match or Capture Channel x interrupt is disabled. 
1: The Match or Capture Channel x interrupt is enabled. 
Writing a zero to MCx has no effect. 
Writing a one to MCx will clear the corresponding Match or Capture Channel x Interrupt Disable/Enable bit, 
which disables the Match or Capture Channel x interrupt. 
e Bit 3-SYNCRDY: Synchronization Ready Interrupt Enable 
0: The Synchronization Ready interrupt is disabled. 
1: The Synchronization Ready interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Synchronization Ready Interrupt Disable/Enable bit, which disables the 
Synchronization Ready interrupt. 
e Bit 2-— Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
e Bit 1-—ERR: Error Interrupt Enable 
0: The Error interrupt is disabled. 
1: The Error interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Error Interrupt Disable/Enable bit, which disables the Error interrupt. 
e Bit 0 - OVF: Overflow Interrupt Enable 
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0: The Overflow interrupt is disabled. 
1: The Overflow interrupt is enabled. 
Writing a zero to this bit has no effect. 


Writing a one to this bit will clear the Overflow Interrupt Disable/Enable bit, which disables the Overflow 
interrupt. 
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28.8.9 Interrupt Enable Set 


This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes in this 
register will also be reflected in the Interrupt Enable Clear register (INTENCLR). 


Name: INTENSET 
Offset: 0x0D 
Reset: 0x00 


Property: Write-Protected 
































Bit 7 6 5 4 3 2 1 0 
MC1 MCO SYNCRDY ERR OVF 
Access R R R/W R/W R/W R R/W R/W 
Reset 0 0 0 0 0 0 0 0 
e__- Bits 7:6 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
e Bits 5:4 - MCx: Match or Capture Channel x Interrupt Enable 
0: The Match or Capture Channel x interrupt is disabled. 
1: The Match or Capture Channel x interrupt is enabled. 
Writing a zero to MCx has no effect. 
Writing a one to MCx will set the corresponding Match or Capture Channel x Interrupt Enable bit, which enables 
the Match or Capture Channel x interrupt. 
e Bit 3-SYNCRDY: Synchronization Ready Interrupt Enable 
0: The Synchronization Ready interrupt is disabled. 
1: The Synchronization Ready interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Synchronization Ready Interrupt Disable/Enable bit, which enables the Syn- 
chronization Ready interrupt. 
e Bit 2 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
e Bit 1-—ERR: Error Interrupt Enable 
0: The Error interrupt is disabled. 
1: The Error interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Error Interrupt bit, which enables the Error interrupt. 
e Bit 0 - OVF: Overflow Interrupt Enable 
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0: The Overflow interrupt is disabled. 

1: The Overflow interrupt is enabled. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will set the Overflow Interrupt Enable bit, which enables the Overflow interrupt. 
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28.8.10 Interrupt Flag Status and Clear 





























Name: INTFLAG 
Offset: Ox0E 
Reset: 0x00 
Property: - 
Bit 7 6 5 4 3 2 1 0 
MC1 MCO SYNCRDY ERR OVF 
Access R R R/W R/W R/W R R/W R/W 
Reset 0 0 0 0 0 0 0 0 
e Bits 7:6 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
e Bits 5:4 - MCx: Match or Capture Channel x 
This flag is set on the next CLK_TC_CNT cycle after a match with the compare condition or once CCx register 
contain a valid capture value, and will generate an interrupt request if the corresponding Match or Capture 
Channel x Interrupt Enable bit in the Interrupt Enable Set register (INTENSET.MCx) is one. 
Writing a zero to one of these bits has no effect. 
Writing a one to one of these bits will clear the corresponding Match or Capture Channel x interrupt flag 
In capture mode, this flag is automatically cleared when CCx register is read. 
e Bit 3--SYNCRDY: Synchronization Ready 
This flag is set on a 1-to-0 transition of the Synchronization Busy bit in the Status register (STATUS.SYNC- 
BUSY), except when the transition is caused by an enable or software reset, and will generate an interrupt 
request if the Synchronization Ready Interrupt Enable bit in the Interrupt Enable Set register (INTENSET.SYN- 
CRDY) is one. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Synchronization Ready interrupt flag 
e Bit 2 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
e Bit 1- ERR: Error 
This flag is set if a new capture occurs on a channel when the corresponding Match or Capture Channel x inter- 
rupt flag is one, in which case there is nowhere to store the new capture. 
Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Error interrupt flag. 
e Bit 0 - OVF: Overflow 
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This flag is set on the next CLK_TC_CNT cycle after an overflow condition occurs, and will generate an inter- 
rupt if 

INTENCLR/SET.OVF is one. 

Writing a zero to this bit has no effect. 

Writing a one to this bit clears the Overflow interrupt flag. 
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28.8.11 Status 


Bit 


Access 


Reset 
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Name: STATUS 

Offset: Ox0F 

Reset: 0x08 

Property: - 
7 6 5 4 3 2 1 0 

SYNCBUSY SLAVE STOP 

R R R R R R R R 
0 0 0 0 1 0 0 0 


Bit 7 - SYNCBUSY: Synchronization Busy 
This bit is cleared when the synchronization of registers between the clock domains is complete. 


This bit is set when the synchronization of registers between clock domains is started. 


Bits 6:5 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bit 4 — SLAVE: Slave 
This bit is set when the even-numbered master TC is set to run in 32-bit mode. The odd-numbered TC will be 
the slave. 


Bit 3 - STOP: Stop 

This bit is set when the TC is disabled, on a Stop command or on an overflow or underflow condition when the 
One-Shot bit in the Control B Set register (CTRLBSET.ONESHOT) is one. 

0: Counter is running. 

1: Counter is stopped. 


Bits 2:0 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
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28.8.12 Counter Value 


28.8.12.1 8-Bit Mode 
Name: COUNT 
Offset: 0x10 
Reset: 0x00 
Property: Write-Synchronized, Read-Synchronized 














Bit 7 6 5 4 3 2 1 0 
COUNTI7:0] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


e Bits 7:0 - COUNT[7:0]: Counter Value 
These bits contain the current counter value. 
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28.8.12.2 16-Bit Mode 
Name: COUNT 
Offset: 0x10 
Reset: 0x0000 
Property: Write-Synchronized, Read-Synchronized 


Bit 15 14 13 12 11 10 9 8 





COUNT[15:8] 























Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 Al 0 
COUNT|7:0] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


e Bits 15:0 - COUNT[15:0]: Counter Value 
These bits contain the current counter value. 
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28.8.12.3  32-Bit Mode 

Name: COUNT 

Offset: 0x10 

Reset: 0x00000000 

Property: Write-Synchronized, Read-Synchronized 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Bit 


Access 


Reset 
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31 30 29 28 27 26 25 24 
COUNT[31:24] 

RW RW RW RW RW RW RW RW 
0 0 0 0 0 0 0 0 
15 14 13 12 11 10 9 8 

COUNT[15:8] 

RW RW RW RW RW RW RW RW 
0 0 0 0 0 0 0 0 
23 22 21 20 19 18 17 16 

COUNT[23:16] 

RW RW RW RW RW RW RW RW 
0 0 0 0 0 0 0 0 
7 6 5 4 3 2 1 0 

COUNT[7:0} 

RW RW RW RW RW RW RW RW 

0 0 0 0 0 0 0 0 


e Bits 31:0 - COUNT[31:0]: Counter Value 
These bits contain the current counter value. 
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28.8.13 Period Value 


The Period Value register is available only in 8-bit TC mode. It is not available in 16-bit and 32-bit TC modes. 


28.8.13.1 8-Bit Mode 


Name: PER 
Offset: 0x14 
Reset: OxFF 


Property: Write-Synchronized, Read-Synchronized 


Bit 7 6 5 4 3 2 1 0 





PER[7:0] 











Access R/W R/W R/W R/W R/W R/W R/W R/W 


Reset 1 1 1 1 1 1 1 1 


e Bits 7:0 - PER[7:0]: Period Value 
These bits contain the counter period value in 8-bitTC mode. 
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28.8.14 Compare/Capture 
28.8.14.1 8-Bit Mode 


Name: CCx 
Offset: 0x18+i*0x1 [i=0..3] 
Reset: 0x00 


Property: Write-Synchronized, Read-Synchronized 














Bit 7 6 5 4 3 2 1 0 
CC[7:0] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


e Bits 7:0 - CC[7:0]: Compare/Capture Value 
These bits contain the compare/capture value in 8-bit TC mode. In frequency or PWM waveform match opera- 
tion (CTRLA.WAVEGEN), the CCO register is used as a period register. 
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28.8.14.2 16-Bit Mode 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


























Name: CCx 
Offset: 0x18+i*0x2 [i=0..3] 
Reset: 0x0000 
Property: Write-Synchronized, Read-Synchronized 
15 14 13 12 1 10 9 8 
CC[15:8] 
R/W R/W R/W R/W R/W R/W R/W R/W 
0 0 0 0 0 0 0 0 
7 6 5 4 3 2 1 0 
CC[7:0] 
R/W R/W R/W R/W R/W R/W R/W R/W 
0 0 0 0 0 0 0 0 


e Bits 15:0 — CC[15:0]: Compare/Capture Value 
These bits contain the compare/capture value in 16-bit TC mode. In frequency or PWM waveform match opera- 


tion (CTRLA.WAVEGEN), the CCO register is used as a period register. 
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28.8.14.3 32-Bit Mode 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


















































Name: CCx 
Offset: 0x18+i*0x4 [i=0..3] 
Reset: 0x00000000 
Property: Write-Synchronized, Read-Synchronized 
31 30 29 28 27 26 25 24 
CC[31:24] 
R/W R/W R/W R/W R/W R/W R/W R/W 
0 0 0 0 0 0 0 0 
23 22 21 20 19 18 17 16 
CC[23:16] 
R/W R/W R/W R/W R/W R/W R/W R/W 
0 0 0 0 0 0 0 0 
15 14 13 12 1 10 9 8 
CC[15:8] 
R/W R/W R/W R/W R/W R/W R/W R/W 
0 0 0 0 0 0 0 0 
7 6 5 4 3 2 1 0 
CC[7:0] 
R/W R/W R/W R/W R/W R/W R/W R/W 
0 0 0 0 0 0 0 0 


e Bits 31:0 — CC[31:0]: Compare/Capture Value 


These bits contain the compare/capture value in 32-bit TC mode. In frequency or PWM waveform match 


operation (CTRLA.WAVEGEN), the CCO register is used as a period register. 
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29. TCC -—Timer/Counter for Control Applications 


29.1 Overview 


The Timer/Counter for Control applications (TCC) consists of a counter, a prescaler, compare/capture channels and 
control logic. The counter can be set to count events or clock pulses. The counter together with the compare/capture 
channels can be configured to time stamp input events, allowing capture of frequency and pulse-width. It can also 
perform waveform generation such as frequency generation and pulse-width modulation. 


Waveform extensions are intended for motor control, ballast, LED, H-bridge, power converters, and other types of 
power control applications. It enables low- and high-side output with optional dead-time insertion. It can also generate 
a synchronized bit pattern across the waveform output pins. The fault options enable fault protection for safe and 
deterministic handling, disabling and/or shut down of external drivers. 


The Timer/Counter Block diagram (Figure 29-1 on page 615) shows all the features in TCC but table below shows the 
configuration of each of the TCCs. 


Table 29-1. TCC Configuration Summary 


BY =F-To| 
Waveform Time 


Channels Output Counter Output Insertion Pattern 
TCC# (Cofomm TEL" )) (WO_NUM) size Dithering matrix (DTI) SWAP generation 

















29.2 Features 


e Up to four compare/capture channels (CC) with: 
e Double buffered period setting 
e Double buffered compare or capture channel 
e Circular buffer on period and compare channel registers 
e Waveform generation: 
e Frequency generation 
e Single-slope pulse-width modulation (PWM) 
e Dual-slope pulse-width modulation with half-cycle reload capability 
e Input capture: 
e Event capture 
e Frequency capture 
e Pulse-width capture 
e Waveform extensions: 
e Configurable distribution of compare channels outputs across port pins 
e Low- and high-side output with programmable dead-time insertion 
e Waveform swap option with double buffer support 
e Pattern generation with double buffer support 
e Dithering support 
e Fault protection for safe drivers disabling: 
e Two recoverable fault sources 
e Two non-recoverable fault sources 
e Debugger can be source of non-recoverable fault 
e Input event: 
e Two input events for counter 
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e One input event for each channel 


e Output event: 


e Three output events (Count, Retrigger and Overflow) available for counter 


e@ One Compare Match/Input Capture event output for each channel 


e Interrupts: 
e Overflow and Retrigger interrupt 
e@ Compare Match/Input Capture interrupt 
e Interrupt on fault detection 


e Can be used with DMA and can trigger DMA transactions 


29.3. Block Diagram 


Figure 29-1. Timer/Counter Block Diagram 
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29.4 Signal Description 
Pin Name Type Description 
TCCx/WO[0] Digital output Compare channel 0 waveform output 
TCCx/WO[1] Digital output Compare channel 1 waveform output 
TCCx/WO[WO_NUM-1] Digital output Compare channel n waveform output 














Refer to Table 6-1 in the “I/O Multiplexing and Considerations” on page 13 for details on the pin mapping for this 


peripheral. One signal can be mapped on several pins. 
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29.5 Product Dependencies 
In order to use this peripheral, other parts of the system must be configured correctly, as described below. 
29.5.1 I/O Lines 
Using the TCC’s I/O lines requires the I/O pins to be configured. Refer to “PORT” on page 378 for details. 
29.5.2 Power Management 
The TCC will continue to operate in any sleep mode where the selected source clock is running. The TCC’s interrupts 
can be used to wake up the device from sleep modes. Events connected to the event system can trigger other 
operations in the system without exiting sleep modes. Refer to “PIM — Power Manager” on page 110 for details on the 
different sleep modes. 
29.5.3 Clocks 
The TCC bus clock (CLK_TCCx_APB, where x represents the specific TCC instance number) can be enabled and 
disabled in the power manager, and the default state of CLK_TCCx_APB can be found in the Peripheral Clock 
Masking section in “PIM — Power Manager” on page 110. 
A generic clock (GCLK_TCCx) is required to clock the TCC. This clock must be configured and enabled in the generic 
clock controller before using the TCC. Refer to “GCLK — Generic Clock Controller’ on page 88 for details. 
This generic clock is asynchronous to the bus clock (CLK_TCCx_APB). Due to this asynchronicity, writes to certain 
registers will require synchronization between the clock domains. Refer to “Synchronization” on page 646 for further 
details. 
29.5.4 DMA 
The DMA request lines are connected to the DMA Controller (DMAC). Using the TCC DMA requests, requires the 
DMA Controller to be configured first. Refer to “DIMAC — Direct Memory Access Controller” on page 271 for details. 
29.5.5 Interrupts 
The interrupt request line is connected to the Interrupt Controller. Using the TCC interrupts requires the interrupt 
controller to be configured first. Refer to “Nested Vector Interrupt Controller” on page 26 for details. 
29.5.6 Events 
The events are connected to the Event System. Refer to “EVSYS — Event System” on page 405 for details on how to 
configure the Event System. 
29.5.7 Debug Operation 
When the CPU is halted in debug mode the TCC will halt normal operation. The TCC can be forced to continue 
operation during debugging. Refer to DBGCTRL for details. 
29.5.8 Register Access Protection 
All registers with write-access are optionally write-protected by the peripheral access controller (PAC), except the 
following registers: 
e Interrupt Flag register (INTFLAG) 
e Status register (STATUS) 
e Period and Period Buffer registers (PER, PERB) 
e Compare/Capture and Compare/Capture Buffer registers (CCx, CCBx) 
e Control Waveform and Control Waveform Buffer registers (WAVE, WAVEB) 
e Pattern Generation Value and Pattern Generation Value Buffer registers (PATT, PATTB) 
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Write-protection is denoted by the Write-Protected property in the register description. 


Write-protection does not apply to accesses through an external debugger. Refer to “PAC — Peripheral Access 
Controller’ on page 30 for details. 


29.5.9 Analog Connections 


29.6 


29.6.1 


Not applicable. 


Functional Description 


Principle of Operation 
Each TCC instance has up to four compare/capture channels (CCx). 


The following definitions are used throughout the documentation: 


Figure 29-2. Timer/counter definitions 


Name DY =X-Yor a | ey d(eya) 


TOP 


The counter reaches TOP when it becomes equal to the highest value in the count sequence. The TOP 
value can be equal to the period (PER) or the compare channel A (CCA) register setting. This is selected by 
the waveform generator mode. 





BOTTOM The counter reaches BOTTOM when it becomes zero 





MAX 


The counter reaches maximum when it becomes all ones 








UPDATE The timer/counter signals an update when it reaches BOTTOM or TOP, depending on the direction settings. 











In general, the term “timer” is used when the timer/counter clock control is handled by an internal source, and the term 
“counter” is used when the clock control is handled externally (e.g. counting external events). When used for compare 
operations, the CC channels are referred to as “compare channels.” When used for capture operations, the CC 
channels are referred to as “capture channels.” 


The counter register (COUNT), period registers with buffer (PER and PERB), and compare and capture registers with 
buffers (CCx and CCxB) are 16 or 24-bit registers, depending on each TCC instance. Each buffer register has a buffer 
valid (BV) flag that indicates when the buffer contains a new value. During normal operation, the counter value is 
continuously compared to the Period (TOP) and to ZERO value to determine whether the counter has reached TOP or 
ZERO. 


The counter value is also compared to the CCx registers. These comparisons can be used to generate interrupt 
requests, request DMA transactions or generate events for the event system. The waveform generator modes use 
these comparisons to set the waveform period or pulse width. 


A prescaled generic clock (GCLK_TCCx) and events from the event system can be used to control the counter. The 
event system is also used as a source to the input capture. 


The recoverable fault module extension enables event controlled waveforms by acting directly on the generated 
waveforms from TCC compare channels output. These events can restart, halt the timer/counter period or shorten the 
output pulse active time, or disable waveform output as long as the fault condition is present. This can typically be 
used for current sensing regulation or zero crossing and demagnetization retriggering. 


The MCEO and MCE1 event sources are shared with the recoverable fault module. Only asynchronous events are 
used internally when fault unit extension is enabled. For further details on how to configure asynchronous events 
routing, refer to section “EVSYS — Event System” on page 405. 


By using digital filtering and/or input blanking, qualification options (as detailed in “Recoverable Faults” on page 634), 
recoverable fault sources can be filtered and/or windowed to avoid false triggering, for example from I/O pin glitches. 
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In addition as shown in Figure 29-1 on page 615, six optional independent and successive units primarily intended for 
use with different types of motor control, ballast, LED, H-bridge, power converter, and other types of power switching 
applications, are implemented in some of TCC instances. 


The output matrix (OTMX) can distribute and route out the TCC waveform outputs across the port pins in different 
configurations, each optimized for different application types. 


The dead time insertion (DTI) unit splits the four lower OTMX outputs into two non-overlapping signals, the non- 
inverted low side (LS) and inverted high side (HS) of the waveform output with optional dead-time insertion between 
LS and HS switching. 


The swap (SWAP) unit can be used to swap the LS and HS pin outputs, and can be used for fast decay motor control. 


The pattern generation unit can be used to generate synchronized waveforms with constant logic level on TCC update 
conditions. This is for example useful for easy stepper motor and full bridge control. 


The non-recoverable fault module enables event controlled fault protection by acting directly on the generated 
waveforms from timer/counter compare channels output. When a non-recoverable fault condition is detected, the 
output waveforms are forced to a safe and pre-configured value that is safe for the application. This is typically used 
for instant and predictable shut down and disabling high current or voltage drives. 


The count event sources (TCEO and TCE1) are shared with the non-recoverable fault extension. The events can be 
optionally filtered. If the filter options are not used, the non-recoverable faults provide an immediate asynchronous 
action on waveform output, even for cases where the clock is not present. For further details on how to configure 
asynchronous events routing, refer to section “EVSYS — Event System” on page 405. 
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29.6.2 Basic Operation 


29.6.2.1 Initialization 
The following registers are enable-protected, meaning that it can only be written when the TCC is disabled 
(CTRLA.ENABLE is zero): 


e Control A (CTRLA) register, except Run Standby (RUNSTDBY), Enable (ENABLE) and Software Reset 
(SWRST) bits 


Recoverable Fault n Control register (FCTRLA and FCTRLB) 
Waveform Extension Control register (WEXCTRL) 

Drive Control register (DRVCTRL) 

Event Control register 


Enable-protected bits in the CTRLA register can be written at the same time as CTRLA.ENABLE is written to one, but 
not at the same time as CTRLA.ENABLE is written to zero. 


Enable-protection is denoted by the Enable-Protected property in the register description. 
Before the TCC is enabled, it must be configured as outlined by the following steps: 
e Enable the TCC bus clock (CLK_TCCx_APB) first 
e If Capture mode is required, enable the channel in capture mode by writing a one to Capture Enable bit in 
Control A register (CTRLA.CAPTEN) 
Optionally, the following configurations can be set before or after enabling TCC: 
e Select PRESCALER setting in the Control A register (CTRLA.PRESCALER) 
e Select Prescaler Synchronization setting in Control A register (CTRLA.PRESCSYNC) 
e If down-counting operation must be enabled, write a one to the Counter Direction bit in the Control B Set 
register (CTRLBSET.DIR) 
e Select the Waveform Generation operation in WAVE register (WAVE.WAVEGEN) 
e Select the Waveform Output Polarity in the WAVE register (WAVE.POL) 


e The waveform output can be inverted for the individual channels using the Waveform Output Invert 
Enable bit group in the Driver register (DRVCTRL.INVEN) 


29.6.2.2 Enabling, Disabling and Resetting 


The TCC is enabled by writing a one to the Enable bit in the Control A register (CTRLA.ENABLE). The TCC is 
disabled by writing a zero to CTRLA.ENABLE. 


The TCC is reset by writing a one to the Software Reset bit in the Control A register (CTRLA.SWRST). All registers in 
the TCC, except DBGCTRL, will be reset to their initial state, and the TCC will be disabled. Refer to CTRLA register 
for details. 


The TCC should be disabled before the TCC is reset to avoid undefined behavior. 


29.6.2.3 Prescaler Selection 


The GCLK_TCCx is fed into the internal prescaler. Prescaler output intervals from 1 to 1/1024 are available. Fora 
complete list of available prescaler outputs, see the register description for the Prescaler bit group in the Control A 
register (CTRLA.PRESCALER). 


The prescaler consists of a counter that counts to the selected prescaler value, whereupon the output of the prescaler 
toggles. When the prescaler is set to a value greater than one, it is necessary to choose whether the prescaler should 
reset its value to zero or continue counting from its current value on the occurrence of an external re-trigger. It is also 
necessary to choose whether the TCC counter should wrap around on the next GCLK_TCC clock pulse or the next 
prescaled clock pulse (CLK_TCC_CNT in Figure 29-3). To do this, use the Prescaler and Counter synchronization bit 
group in the Control A register (CTRLA.PRESYNC). If the counter is set to count events from the event system, these 
will not pass through the prescaler. 
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Figure 29-3. Prescaler 





GCLK_TCC-————_| PRESCALER 


GCLK_TCC / 
{1,2,4,8,64,256,1024 } 






CLK_TCC_COUNT 


29.6.2.4 Counter Operation 


Depending on the mode of operation, the counter is cleared, reloaded, incremented, or decremented at each TCC 
clock cycle (CLK_TCC_CNT). A counter clear or reload mark the end of current counter cycle and the start of a new 
one. 


The counter will count in the direction set by the direction (CTRLBSET.DIR or CTRLBCLR.DIR) bit for each clock until 
it reaches TOP or ZERO. A clear operation occurs when the TOP is reached while up-counting, the counter will be set 
to ZERO (cleared) on the next clock cycle. A reload operation occurs when the ZERO is reached while down- 
counting, the counter is reloaded with the period register (PER) value. 


The counter value is continuously compared with the period (PER) and ZERO value to determine if the counter has 
reached TOP or ZERO. Based on this comparison, the Overflow Interrupt Flag in the Interrupt Flag Status and Clear 
register (INTFLAG.OVF)is set whenever the counter value matches with TOP / ZERO. This can be used to trigger an 
interrupt, a DMA request, or an event. If the One-Shot bit in the Control B Set register (CTRLBSET.ONESHOT) is set, 
the compare match (with TOP/ZERO) will stop the counting operation. 


Up-counting is enabled by writing a one to the Direction bit in the Control B Clear register (CTRLBCLR.DIR). Down- 
counting is enabled by writing a one to the Direction bit in the Control B Set register (CTRLBSET.DIR). 


Figure 29-4. Counter Operation 
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As shown in Figure 29-4, it is possible to change the counter value (by writing directly in the Count register) even 
when the counter is running. The write access has higher priority than count, clear, or reload. The direction of the 
counter can also be changed during normal operation. Due to asynchronous clock domains, the internal counter 
settings are written when the synchronization is complete. 


Normal operation must be used when using the counter as timer base for the capture channels. 


Stop Command 
A Stop command can be issued from software by using TCC Command bits in Control B Set register 
(CTRLBSET.CMD =0x2, STOP). 


When a stop is detected while the counter is running, the counter will maintain its current value. If the waveform 
generation (WG) is used, all waveforms are set to a state defined in Non-Recoverable State x Output Enable bit and 
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Non- Recoverable State x Output Value bit in the Driver Control register (DRVCTRL.NREx and DRVCTRL.NRVx), 
and the Stop bit in the Status register is set (STATUS.STOP). 


Pause Event Action 


A pause command can be issued when the stop event action is configured in the Input Event Action 1 bits in Event 
Control register (EVCTRL.EVACT1=0x3, STOP). 


When a pause is detected, the counter will maintain its current value and all waveforms keep their current state, as 


long as a start event action is detected: Input Event Action 0 bits in Event Control register (EVCTRL.EVACTO=0x3, 
START). 


Re-trigger Command and Event Action 
A re-trigger command can be issued from software by using TCC Command bits in Control B Set register 


(CTRLBSET.CMD=0x1, RETRIGGER), or from event when the re-trigger event action is configured in the Input Event 
0/1 Action bits in Event Control register (EVCTRL.EVACTn=0x1, RETRIGGER). 


When the command is detected during counting operation, the counter will be reloaded or cleared, depending on the 
counting direction (CTRLBSET.DIR or CTRLBCLR.DIR). The Re-Trigger bit in the Interrupt Flag Status and Clear 
register will be set (INTFLAG.TRG). It is also possible to generate an event by writing a '1' to the Re-Trigger Event 
Output Enable bit in the Event Control register (EVCTRL.TRGEO). If the re-trigger command is detected when the 
counter is stopped, the counter will resume counting operation from the value in COUNT. 


Note: When a re-trigger event action is configured in the Event Action bits in the Event Control register 


(EVCTRL.EVACTn=0x1, RETRIGGER), enabling the counter will not start the counter. The counter will start on the 
next incoming event and restart on corresponding following event. 


Start Event Action 

The start action can be selected in the Event Control register (EVCTRL.EVACT0=0x3, START) and can start the 
counting operation when previously stopped. The event has no effect if the counter is already counting. When the 
module is enabled, the counter operation starts when the event is received or when a re-trigger software command is 
applied. 

Note: When a start event action is configured in the Event Action bits in the Event Control register 
(EVCTRL.EVACTO=0x3, START), enabling the counter will not start the counter. The counter will start on the next 
incoming event, but it will not restart on subsequent events. 


Count Event Action 
The TCC can count events. When an event is received, the counter increases or decreases the value, depending on 
direction settings (CTRLBSET.DIR or CTRLBCLR.DIR). 


The count event action is selected by the Event Action 0 bit group in the Event Control register 
(EVCTRL.EVACT0O=0x5, COUNT). 


Direction Event Action 

The direction event action can be selected in the Event Control register (EVCTRL.EVACT1=0x2, DIR). 

When this event is used, the asynchronous event path specified in the event system must be configured or selected. 
The direction event action can be used to control the direction of the counter operation, depending on external events 


level. When received, the event level overrides the Direction settings (CTRLBSET.DIR or CTRLBCLR.DIR) and the 
direction bit value is updated accordingly. 


Increment Event Action 


The increment event action can be selected in the Event Control register (EVCTRL.EVACT0=0x4, INC) and can 
change the counter state when an event is received. When the TCEO event (TCCx_EV0O) is received, the counter 
increments, whatever the direction setting (CTRLBSET.DIR or CTRLBCLR.DIR) is. 
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Decrement Event Action 


The decrement event action can be selected in the Event Control register (EVCTRL.EVACT 1=0x4, DEC) and can 
change the counter state when an event is received. When the TCE1 (TCCx_EV1) event is received, the counter 
decrements, whatever the direction setting (CTRLBSET.DIR or CTRLBCLR.DIR) is. 


Non-recoverable Fault Event Action 


Non-recoverable fault actions can be selected in the Event Control register (EVCTRL.EVACTn=0x7, FAULT). When 
received, the counter will be stopped and the output of the compare channels is overridden according to the Driver 
Control register settings (DRVCTRL.NREx and DRVCTRL.NRVx). 


TCEO and TCE1 must be configured as asynchronous events. 


Event Action Off 
If the event action is disabled (EVCTRL.EVACTn=0x0, OFF), enabling the counter will also start the counter. 


29.6.2.5 Compare Operations 


By default, Compare/Capture channel is configured for Compare operations. To perform capture operations, it must 
be re-configured. 


When using the TCC with the Compare/Capture Value registers (CCx) configured for compare operations, the counter 
value is continuously compared to the values in the CCx registers. This can be used for timer or for waveform 
operation. 


The compare buffer (CCBx) register provides double buffer capability. The double buffering synchronizes the update 
of the CCx register with the buffer value at the UPDATE condition. For further details, refer to “Double Buffering” on 
page 626. The synchronization prevents the occurrence of odd-length, non-symmetrical pulses and ensures glitch- 
free output. 


lf Compare/Capture channel is not configured for capture operation Control A register), then compare operation will 
be enabled. 


Waveform Output Generation Operations 
The compare channels can be used for waveform generation on output port pins. To make the waveform visible on 
the connected pin, the following requirements must be fulfilled: 

1. Choose a waveform generation mode in the Waveform Control register (WAVE.WAVEGEN) 

2. Optionally invert the waveform output WO[x] by writing the corresponding Waveform Output Invert 

Enable bit in the Driver Control register (DRVCTRL.INVENx) 

3. Enable the corresponding PORTMUX 
The counter value is continuously compared with each CCx value. When a compare match occurs, the Match or 
Capture Channel x bit in the Interrupt Flag Status and Clear register (INTFLAG.MCx) is set on the next zero-to-one 
transition of CLK_TCC_COUNT. If Match/Capture occurs, interrupt can be generated when INTENSET.MC%xX€ is set. If 
Compare/Match occurs, an event can be triggered when EVCTRL.MCEOx is set to one. Both interrupt and event can 
be generated simultaneously. The same condition generates a DMA request. 


Six waveform configurations are available through the Waveform Generation (WG) bit group in the Waveform Control 
register (WAVE.WAVEGEN): 

Normal Frequency (NFRQ) 

Match Frequency (MFRQ) 

Single-slope PWM (NPWM) 

Dual-slope, interrupt/event at Top (DSTOP) 

Dual-slope, interrupt/event at ZERO (DSBOTTOM) 

Dual-slope, interrupt/event at Top and ZERO (DSBOTH) 

Dual-slope, critical interrupt/event at ZERO (DSCRITICAL) 
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When using MFRQ, the top value is defined by the CCO register value, for all other waveforms operation the top value 
is defined by Period (PER) register value. 


For dual slope waveform operations update time occurs when counter reaches the zero value. For all other 
waveforms generation modes, the update time occurs on counter wraparound, on overflow, underflow or retrigger. 


Normal Frequency Generation 


For normal frequency generation, the period time is controlled by the period register (PER). The waveform generation 
output (WO[x]) is toggled on each compare match between COUNT and CCx, and the corresponding Match or 
Capture Channel x will be set. 


Figure 29-5. Normal Frequency Operation 
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Match Frequency Generation 


For match frequency generation, the period time is controlled by CCO instead of PER. WO[0] toggles on each update 
condition. 


Figure 29-6. Match Frequency Operation 
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WOJ[0] | | | 


Single-Slope PWM Generation 


For single-slope PWM generation, the period time is controlled by PER, while CCx control the duty cycle of the 
generated waveform output. When up-counting, WO[x] is set at start or compare match between the COUNT and 
TOP values, and cleared on compare match between COUNT and CCx register values. 

When down-counting, WOJx] is cleared at start or compare match between the COUNT and TOP values, and set on 
compare match between COUNT and CCx register values. 
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Figure 29-7. Single-Slope PWM Operation 
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The following equation calculates the exact resolution for a single-slope PWM (Rpwm_ss) waveform: 


R _ log(TOP+1) 
PWM_SS log(2) 


The PWM frequency depends on the Period register value (PER) and the peripheral clock frequency (fgcik tcc), and 
can be 


calculated by the following equation: 


_ SgcLK Tec 


f PWM_SS N(TOP+1) 


Where N represent the prescaler divider used (1, 2, 4, 8, 16, 64, 256, 1024). 


Dual-Slope PWM Generation 


For dual-slope PWM generation, the period (TOP) is controlled by PER, while CCx control the duty cycle of the 
generated waveform output. Figure 29-8 shows how the counter repeatedly counts from ZERO (BOTTOM) to PER 
and then from PER to ZERO. The waveform generator output is set on compare match when up-counting, and 
cleared on compare match when down-counting. An interrupt/event is generated on TOP and/or ZERO depend of 
Dual slope operation selected Table 29-2. In DSBOTH operation, a second update time occur on TOP. 


Figure 29-8. Dual-Slope Pulse Width Modulation 
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Using dual-slope PWM results in a lower maximum operation frequency compared to single-slope PWM generation. 
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The period (TOP) defines the PWM resolution. The minimum resolution is 1 bits (TOP=0x00000001). 


The following equation calculates the exact resolution for dual-slope PWM (Rpy_ps): 


R _ log(PER+1) 

PWM_DS log(2) 
The PWM frequency depends on the period setting (TOP) and the peripheral clock frequency (fgcik tcc), and can be 
calculated by the following equation: 


_ SGcLK TCC 


SpwM_Ds 2N-PER 


N represents the prescaler divider used. The waveform generated will have a maximum frequency of half of the TCC 
clock frequency (fgcik tcc) when TOP is set to one (0x00000001) and no prescaling is used. 


The pulse width (Ppywm_ps) depends on the compare channel (CCx) register value and the peripheral clock frequency 
(fectk_tec), and can be calculated by the following equation: 


_ 2N- (PER —CCx) 


Ppwm_ps = 


i GCLK_TCC 
Where N represents the prescaler divider used. 


Note: In DSTOP, DSBOTTOM and DSBOTH operation, when TOP is lower than MAX/2 the CCx MSB bit defines the 
ramp (rising if CCx[MSB] is 0, or falling if CCx[MSB] is 1) on which the CCx Match interrupt or event is generated. 


Dual-Slope Critical PWM Generation 


Critical mode operation allows generation of non-aligned centered pulses. In this mode, the period time is controlled 
by PER, while CCx control the generated waveform output edge during up-counting and CC(x+CC_NUM/2) control 
the generated waveform output edge during down-counting. 


Figure 29-9. Dual-Slope Critical Pulse Width Modulation (N=CC_NUM) 
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The table below shows the update counter and overflow event/interrupt generation conditions in different operation 
modes. 
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Table 29-2. Counter Update and Overflow Event/interrupt Conditions 




















DY =X-Yoq a] ey (ey) DY =X-oq ale) d(eya) 
| Output Output 
Waveform Waveform OVFIF/Event 
Operation On Match On Update Up Down 
NFRQ Normal Frequency PER TOP/ZERO Toggle Stable TOP ZERO 
-MERQ | Match Frequency | CCO. “TOPIZERO Toggle Stable “TOP ZERO | 
NPWM Single-slope PWM PER TOP/ZERO | TOP ZERO 
DSCRITICAL Dual-slope PWM | PER | ZERO | iz ZERO 
DSBOTTOM _ Dual-slope PWM PER ZERO en See Table 29-3 - ZERO | 
DSBOTH Dual-slope PWM PER | TOP & ZERO ~ TOP ZERO ] 
-DSTOP re Dual-slope PWM | PER ; ZERO a | Ag |) _ 


























Output Polarity 

The polarity (WAVE.POLx) is available in all waveform output generation. In single-slope and dual-slope PWM 
generation, it is possible to invert individually the pulse edge alignment on start or end of PWM cycle for each 
compare 

channels. Table 29-3 shows the waveform output set/clear conditions, depending on timer/counter settings, direction 
and polarity setting. 


Table 29-3. Waveform Generation Set/Clear Conditions 





























Waveform 
Generation 
operation Waveform Generation Output Update 
Clear 
0 Timer/counter matches TOP Timer/counter matches CCx 
0 
1 Timer/counter matches CC Timer/counter matches TOP 
Single-Slope PWM | + 
0 Timer/counter matches CC Timer/counter matches ZERO 
aq E 2) - = ee ate : 
1 Timer/counter matches ZERO Timer/counter matches CC 
0 Timer/counter matches CC when Timer/counter matches CC when 
counting up counting down 
Dual-Slope PWM x + + 
1 Timer/counter matches CC when Timer/counter matches CC when 
counting down counting up 




















In Normal and Match Frequency, the WAVE.POLx value represents the initial state of the waveform output. 


29.6.2.6 Double Buffering 


The Pattern (PATT), Waveform (WAVE), Period (PER) and the Compare Channels (CCx) registers are all double 
buffered. Each buffer register has a Buffer Valid (PATTBV, WAVEBV, PERBV or CCBVx) bit in the STATUS register, 
which indicates that the buffer register contains a value that can be copied into the corresponding register. When 
double buffering is enabled by writing a one to the Lock Update bit in the Control B Clear register (CTRLBCLR.LUPD) 
and the PER and CCx are used for a compare operation, the Buffer Valid bit is set when data has been written to a 
buffer register and cleared on an update condition. 
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This is shown for a compare register in Figure 29-10. 


Figure 29-10.Compare Channel Double Buffering 


“APB write enable" "data write" 


UPDATE 





As both the register (PATT/WAVE/PER/CCx) and corresponding buffer register (PATTB/WAVEB/PERB/CCBx) are 

available in the I/O register map, the double buffering feature is not mandatory. The double buffering is disabled by 

writing a one to CTRLSET.LUPD. This allows initialization and bypassing of the buffer register and the double 

buffering feature. 

Note: In normal frequency (NFRQ), match frequency (MFRQ) or PWM down-counting counter mode (CTRLB- 
SET.DIR is one), PER is written at the same time as PERB is written if CTRLB.LUPD is zero or as soon as 
CTRLB.LUPD becomes zero. 


Changing the Period 


The counter period is changed by writing a new value to the Period register or the Period Buffer register. If double 
buffering is not used, any update of PER is effective after the synchronization delay. 


Figure 29-11.Unbuffered Single-Slope Up-Counting Operation 
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Figure 29-12.Unbuffered Single-Slope Down-Counting Operation 
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A counter wraparound can occur in any mode of operation when up-counting without buffering, as shown in Figure 29- 
11. This due to the fact that COUNT and TOP are continuously compared, and if a new value that is lower than the 


current COUNT is written to TOP, COUNT will wrap before a compare match happen. 


Figure 29-13.Unbuffered Dual-Slope Operation 
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When double buffering is used, the buffer can be written at any time and the counter will still maintain correct 
operation. The period register is always updated on the update condition, as shown for dual-slope operation in Figure 
29-14. This prevents wraparound and the generation of odd waveforms. 
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Figure 29-14.Changing the Period Using Buffering 
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29.6.2.7 Capture Operations 


To enable and use capture operations, the Match or Capture Channel x Event Input Enable (MCEIx) bit must be 
enabled in the Event Control register (EVCTRL.MCEIx). The capture channels to be used must also be enabled in the 
Capture Channel x Enable bit in the Control A register (CTRLA.CPTENx) before capture can be performed. 


Event Capture Action 


The capture channels can be used to capture the COUNT value upon reception of any event. Since there is one event 
line per capture channel, multiple capture operations can be enabled at the same time. 


Figure 29-15 shows four capture events for one capture channel. 


Figure 29-15.Input Capture Timing 
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For input capture, the buffer register and the corresponding CCx act like a FIFO. When CCx is empty or read, any 
content in CCBx is transfered to CCx. The buffer valid flag is passed to set the CCx interrupt flag (IF) and generate the 
optional interrupt, event or DMA request. 
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Figure 29-16.Capture Double Buffering 
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When the Capture x (MCx) bit and the buffer valid flag are set and a new capture event is detected, there is nowhere 
to store the new timestamp. In that case the Error bit in the Interrupt Flag Status and Clear register (INTFLAG.ERR) is 
set. 


Period and Pulse-Width Capture Action 


The TCC can perform two input captures and restart the counter on one of the edges. This enables the TCC to 
measure the pulse-width and period. This can be used to characterize an input signal in frequency and duty cycle: 


dutyCycle = 2 


Sie 


f = 
When using PPW (Period, Pulse-width) event action, period (TOP) will be captured into CCO and pulse-width (tp) into 
CC1. In PWP (Pulse-width, Period) event action, pulse-width (tp) will be captured into CCO and period (TOP) into 
CC1. 


Figure 29-17.PWP Capture 
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Selecting PWP or PPW in the Event Action bit group in the Event Control register (EVCTRL.EVACT1) enables the 
TCC to perform two capture actions, one on the rising edge and one on the falling edge. 
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The Timer/Counter Inverted Event 1 Input Enable bit in Event Control register (EVCTRL.TCEINV1) is used to select 
which event input edge the counter restarts operation. The event source to be captured must be an asynchronous 
event. 


For a period and width of the pulse of input signal in frequency and duty cycle, enable capture on CCO and CC1 
channels by writing a one to the Capture Channel x Enable bit in the Control A register (CTRLA.CPTENx). When only 
one of these measurements is required, the second channel can be used for other purposes. 


The TCC can detect capture overflow of the input capture channels. Capture overflow occurs when the Capture 

Interrupt Flag is set and a new capture event is detected, there is nowhere to store the new timestamp. In that case 

INTFLAG.ERR is set. 

Note: In dual-slopoe PWM operation, when TOP is lower than MAX/2 the CCx MSB captures the CTRLB.DIR state 
to identify the ramp (rising if CCx[MSB] is zero, or falling if CCx[MSB] is one) on which the Counter capture 
has been done. 


29.6.3 Additional Features 
29.6.3.1 One-Shot Operation 


When one-shot is enabled, the counter automatically stops on the next counter overflow or underflow condition. When 
the counter is stopped, STATUS.STOP is set and the waveform outputs are set to the value defined by the Non- 
Recoverable State x Output Enable (NREx) and Non-Recoverable State x Output Value (NRVx) bits in the Drive 
Control register (DRVCTRL.NREx and DRVCTRL.NRVx). 


One-shot operation can be enabled by writing a one to the One-Shot bit in the Control B Set register 
(CTRLBSET.ONESHOT) and disabled by writing a one to the One-Shot bit in the Control B Clear register 
(CTRLBCLR.ONESHOT). When enabled, the TCC will count until an overflow or underflow occurs and stop counting. 
The one-shot operation can be restarted by using retrigger software command, a retrigger event or a start event. 


When the counter restarts its operation, the Stop bit in the Status register (STATUS.STOP) is cleared. 
29.6.3.2 Circular Buffer 


The Period register (PER) and the compare channels register (CCO to CC3) support circular buffer operation. When 
circular buffer operation is enabled, at each update condition, the (PER) or CCx values are copied into the 
corresponding buffer registers. Circular buffer are dedicated to RAMP2, RAMP2A, and DSBOTH operations. 


Figure 29-18.Circular Buffer on Channel 0 
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29.6.3.3 Dithering Operation 
The TCC supports dithering on Pulse-width or Period on a 16, 32 or 64 PWM cycles frame. 


Dithering consists in adding some extra clocks cycles in a frame of several PWM cycles, improving the accuracy of 
the average output pulses width or period. The extra clock cycles are added on some of the compare match signals, 
one at a time, through a "blue noise" process that minimizes the flickering on the resulting dither patterns. 
Dithering makes possible to improve the accuracy of the average output pulse width or period. 
Dithering is enabled by writing the corresponding configuration in the Enhanced Resolution bits in CTRLA register 
(CTRLA.RESOLUTION): 
e _DITH4 enable dithering every 16 PWM frames 
e _DITH5 enable dithering every 32 PWM frames 
e _DITH6 enable dithering every 64 PWM frames 
The DITHERCY bits of COUNT, PER and CCx define the number of extra cycles to add into the frame (DITHERCY 
bits from the respective COUNT, PER or CCx registers). The remaining bits of COUNT, PER, CCx define the 
compare value itself. 
The pseudo code, giving the extra cycles insertion regarding the cycle is: 
int extra_cycle(resolution, dithercy, cycle) { 
int MASK; 
int value 
switch (resolution) { 
DITH4: MASK = Ox0Of; 
DITHS5: MASK = Ox1f; 
DITH6: MASK = O0x3f; 
} 
value = cycle * dithercy; 
if (((MASK & value) + dithercy) > MASK) 
return 1; 


return 0; 
} 
1.7.3.3.1: Dithering on Period 
Writing DITHERCY in PER will lead to an average PWM period configured by the following formula: 


If DITH4 mode is enabled, the last 4 significant bits from PER/CCx or COUNT register corresponds to the DITHERCY 
value, Rest of the bits corresponds to PER/CCx or COUNT value. 


The PWM resolution can be calculated using the following formulas. 


DITH4 mode: 

PwmPeriod = DUTHERCY PER 
DITH5 mode: 

PwmPeriod = DUTHERCT + PER 
DITH6 mode: 

PwmPeriod = DUTHERCY . PER 


1.7.3.3.2: Dithering on Pulse Width 
Writing DITHERCY in CCx will lead to an average PWM pulse width configured by the following formula: 


Atmel | SMART SAM D11 [DATASHEET 632 
Atmel | 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





DITH4 mode: 

PwmPulseWidth = ceaee CCx 
DITH5 mode: 

PwmPulseWidth = Cee CCx 
DITH6 mode: 

PwmPulseWidth = Cue CCx 


29.6.3.4 Ramp Operations 


Three ramp operations are supported and all require the timer/counter running in single-slope PWM generation. 


RAMP1 Operation 

This is the default PWM operation, described in “Single-Slope PWM Generation” on page 623. 

RAMP2 Operation 

These operations are dedicated for PFC, Half-Brige and Push-Pull SMPS topologies, where two consecutive 
timer/counter cycles are interleaved, as shown in Figure 29-19. In cycle A, odd channels output are disabled, and in 


cycle B, even channels output are disabled. The ramp index changes after each update, but can be software modified 
using the the Ramp index command bits in Control B Set register (CTRLBSET.IDXCMD). 


Standard RAMP2 (RAMP2) Operation 


Ramp A and B periods are controlled through PER register value. Period register value can have different values on 
each ramp by enabling the circular buffer option (CIPEREN). This mode allows use of a two channels TCC to 
generate two output signals, or one output signal with another CC channel enabled in capture mode. 


Figure 29-19.RAMP2 Standard Operation 
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Alternate RAMP2 (RAMP2A) Operation 


Alternate RAMP2 operation is similar to RAMP2 with the difference that CCO controls both WO[0]/WO[1] waveforms 
when the corresponding circular buffer option is enabled. The waveform polarity is the same on both outputs, and the 
channel 1 can be used in capture mode. 
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Figure 29-20.RAMP2 Alternate Operation 
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29.6.3.5 Recoverable Faults 


Recoverable faults can restart or halt the timer/counter. Two faults, called Fault A and Fault B, can trigger recoverable 
fault actions on compare channels CCO and CC1 from the timer/counter. The compare channels outputs can be 
clamped to inactive state as long as the fault condition is present, or from the first valid fault condition detection and 
until the end of the timer/counter cycle. 


Fault inputs 


The first two channel input events (MCO and TCCxMC1) can be used as Fault A and Fault B inputs respectively. 
Event system channel connected to these fault inputs must be configured as asynchronous. In two ramp (RAMP2, 
RAMP2A) operation. 


Fault filtering 


Three filtering types are available. The recoverable faults can use all three filters independently or various filter 
combinations. 

e Input filtering: By default, the event detection is asynchronous. When the event occurs, the fault system 
will immediately and asynchronously performs the selected fault action on the compare channel output, 
including system power modes where the clock is not available. To avoid false fault detection on external 
events (e.g. a glitch on I/O port) a digital filter can be enabled and set in FILTERVAL bits in the 
corresponding recoverable Fault Control n register (FCTRLn.FILTERVAL). In this case, the event will be 
delayed by the FILTERVAL value clock cycles. If the event width is less than the FILTERVAL, then the 
event will be discarded. 


e Fault blanking: Provides a way to disable fault input just after a selected waveform output edge to 
prevent false fault triggering because of signal bouncing on fault signal, as shown in Figure 29-21. 
Blanking can be enabled by writing the edge triggering configuration to the Faultn Blanking Mode bits in 
the Recoverable FaultnConfiguration register (FCTRLn.BLANk), and the number of clock cycles to blank 
is written to the Faultn Blanking Time bits in the Recoverable Faultn Configuration register 
(FCTRLn.BLANKVAL). The maximum blanking time is: 

256 / (96 x10°) = 2.66us for 96MHz peripheral clock frequency (GCLK_TCCx) 
256 / (1x10°) = 256us for 1MHz peripheral clock frequency (GCLK_TCCx) 
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Figure 29-21.Fault Blanking in RAMP1 Operation with Inverted Polarity 
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e Fault Qualification can be enabled using Faultn Qualification bit in Recoverable Faultn Configuration 
register (FCTRLn.QUAL). When the recoverable fault qualification is enabled (FCTRLn.QUAL), the fault 
input is disabled all the time the corresponding channel output has an inactive level, as shown in Figure 
29-22. 




















Figure 29-22.Fault Qualification in RAMP1 Operation 
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Figure 29-23.Fault Qualification in RAMP2 Operation with Inverted Polarity 
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Fault actions 


Different fault actions can be configured individually for Fault A and Fault B. Most fault actions are not mutually 
exclusive; hence two or more actions can be enabled at the same time to achieve a result that is a combination of fault 


actions. 


Keep action can be enabled using Faultn Keeper bit in Recoverable Faultn Configuration register 
(FCTRLn.KEEP). When the keep action (FCTRLn.KEEP) is enabled, the corresponding channel output 
will be clamped to zero when the fault condition is present. The clamp will be released on the start of the 
first cycle after the fault condition is no longer present, as shown in Figure 29-24. 


Figure 29-24.Waveform Generation with Fault Qualification and Keep Action 
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Restart action can be enabled using Faultn Restart bit in Recoverable Faultn Configuration register 
(FCTRLn.RESTART). When the restart action (FCTRLn.RESTART) is enabled, the timer/counter will be 
restarted when the corresponding fault condition is present. The ongoing cycle is stopped and the 
timer/counter starts a new cycle, as shown in Figure 29-25. When the new cycle starts, the compare 
outputs will be clamped to inactive level as long as the fault condition is present. Note that in RAMP2 
operation, when a new timer/counter cycle starts, the cycle index will change automatically, as shown in 
Figure 29-26. Fault A and Fault B are qualified only during the cycle A and cycle B respectively, i.e. the 
faultA and faultB is disabled during cycle B or cycle A respectively. 
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Figure 29-25.Waveform Generation in RAMP1 mode with Restart Action 
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Figure 29-26.Waveform Generation in RAMP2 mode with Restart Action 
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e Capture action: Several capture actions can be selected using Faultn Capture Action bits in Faultn 
Control register (FCTRLn.CAPTURE). When one of the capture operations (FCTRLn.CAPTURE) is 
selected, the counter value is captured when the fault occurs. Several capture operations are available: 

e CAPT is equivalent to a standard capture operation, for further details refer to “Capture 
Operations” on page 629 

e CAPTMIN allows to get the minimum time stamped value, with notification through event or 
interrupt on each new local minimum captured value detection. 

e CAPTMAX allows to get the maximum time stamped value, with notification through event or IT on 
each new local maximum captured value, as shown in Figure 29-27. 

e LOCMIN notifies through event or IT a local minimum captured value is detected. 

e LOCMAX notifies through event or IT a local maximum captured value is detected. 

e DERIVO notifies through event or IT when a local extremum captured value is detected, as shown 
in Figure 29-28. 


In CAPT mode, on each filtered faultn, dedicated CCx channel capture counter value and an interrupt is generated. In 
other mode interrupt is only generated on a extremum captured value. 
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In CAPT operation, capture is performed on each capture event. MCx interrupt flag is set on each new capture. In 
CAPTMIN and CAPTMAX operation, capture is performed only when a new lower (for CAPTMIN) and new higher (for 
CAPMAX) value is detected. MCx interrupt flag is set on each new capture. 


In LOCMIN and LOCMAX operation, capture is performed on each capture event. MCx interrupt flag is set only when 
the captured value is lower (for LOCMIN) and higher (for LOCMAX) values respectively than the previous captured 
value. DERIVO is equivalent to a OR function of (LOCMIN, LOCMAX). 


In CAPTMIN and CAPTMAX operation CCx keeps the extremum values respectively, as show in Figure 29-27, while 
in LOCMIN, LOCMAX or DERIVO operations, CCx follow the counter value at fault time, as show in Figure 29-28. 


Figure 29-27.Capture Action “CAPTMAX” 




















TOP > CN [ON aa 
i "clear" update 
COUNT : CCO "match" 
ZERO |-» 














FaultA Input fl | l 
CCO Event/ | | 


Interrupt 


ry ! 


Figure 29-28.Capture Action “DERIVO” 

















| [Tor } > S&S cS 
“update” 
COUNT CCO g "match" 
ZERO } > 





k 


FaultA Input l | ll l i ll 
CCO Event/ | | 


Interrupt 


e Hardware halt action can be configured using Faultn Halt mode bits in Recoverable Faultn configuration 
register (FCTRLn.HALT = HW). When hardware halt action is enabled (FCTRLn.HALT = HW), the 
timer/counter is halted and the cycle is extended as long as the corresponding fault is present. Figure 29- 
29 shows an example where restart and hardware halt actions are enabled for Fault A. The compare 
channel 0 output is clamped to inactive level as long as the timer/counter is halted. The timer/counter 
resumes the counting operation as soon as the fault condition is no longer present. If the restart action is 
enabled, the timer/counter is halted as long as the fault condition is present and restarted when the fault 
condition is no longer present, as shown in Figure 29-30. Note that in RAMP2 and RAMP2A operations, 
when a new timer/counter cycle starts, the cycle index will automatically change. 
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Figure 29-29.Waveform Generation with Halt and Restart Actions 
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Figure 29-30.Waveform Generation with Fault Qualification, Halt and Restart Actions 
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e The software halt action can be configured using Faultn Halt mode bits in Recoverable Faultn 
configuration register (FCTRLn.HALT = SWHALT). Software halt action is similar to hardware halt action 
with one exception. To restart the timer/counter, the corresponding fault condition should no longer be 
present and the corresponding FAULTn bit in STATUS register must be cleared. 
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Figure 29-31.Waveform Generation with Software Halt, Fault Qualification, Keep and Restart Actions 
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29.6.3.6 Non Recoverable Faults 


The non-recoverable fault action will force all the compare outputs to a pre-defined level programmed into the Driver 
Control register (DRVCTRL.NRE and DRVCTRL.NRV). The non recoverable fault input (EVO and EV1) actions are 
enabled in Event Control register (EVCTRL.EVACTO and EVCTRL.EVACT1). To avoid false fault detection on 
external events (e.g. a glitch on an I/O port) a digital filter can be enabled using Non-Recoverable Fault Input x Filter 
Value bits in the Driver Control register (DRVCTRL.FILTERVALn). In this case, the event detection is synchronous, 
and event action is delayed by the selected digital filter value clock cycles. 


Atmel 
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29.6.3.7 Waveform Extension 
Figure 29-32 shows a schematic diagram of action of the four optional units following the recoverable fault stage, on a 
port pin pair. The DTI and SWAP units can be seen as a four port pair slices: 
e Slice 0 DTIO / SWAPO acting on port pins (WO[0], WO[WO_NUM/2 +0)) 
e Slice 1 DTI1 / SWAP1 acting on port pins (WO[1], WO[WO_NUM/2 +1)) 
And more generally: 
e Slice n DTIx / SWAPx acting on port pins (WO[x], WO[WO_NUM/2 +x]) 


Figure 29-32.Waveform Extension Stage Details 
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The output matrix (OTMX) unit distributes compare channels, according to the selectable configurations, as shown in 
Table 29-4. 


Table 29-4. Output Matrix Channel Pin Routing Configuration 


Value OTMX[x] 











0x0 CC3 CC2 CC1 CCO CC3 CC2 CC1 CCO 
0x1 CC1 CCO CC1 CCOo CC1 CCO CC1 CCOo 
0x2 CCO CCO CCO CCO CCO CCO CCO CCO 
0x3 CC1 CC1 CC1 CC1 CC1 CC1 CC1 CCo 



































e Configuration 0x0 is default configuration. The channel location is the default one and channels are distributed 
on outputs modulo the number of channels. Channel 0 is routed to the Output matrix output OTMX[0], Channel 
1 to OTMX{[1]. If there are more outputs than channels, then channel 0 is duplicated to the Output matrix output 
OTMX[CC_NUM], channel 1 to OTMX[CC_NUM+1] and so on. 

e Configuration 0x1 distributes the channels on output modulo half the number of channels, this gives the lower 
channels twice the number of output locations than the default configuration. This provides for example, control 
of the four transistors of a full bridge using only two compare channels. Using pattern generation, some of these 
four outputs can be overwritten by a constant level, enabling flexible drive of a full bridge in all quadrant 
configurations. 

e Configuration 0x2 distributes the compare channel 0 (CCO) to all port pins. With pattern generation, this 
configuration can control a stepper motor. 

e Configuration 0x3 distributes the compare channel CCO to first output and the channel CC1 to all other outputs. 
Together with pattern generation and the fault extension this configuration can control up to seven LED strings, 
with a boost stage. 
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An example of 4 compare channels on 4 outputs: 















Value OTMX[3] OTMX[2] OTMX[1] OTMX[0] 
Ox0 ccs Cc2 CC1 cco 
Ox1 Cel CeO CC1 cco 
Ox2 cco cco cco cco 
Ox3 Col Ci xed cco 























The dead-time insertion (DTI) unit generates OFF time with the non-inverted low side (LS) and inverted high side (HS) 
of the WG output forced at low level. This OFF time is called dead time, and dead-time insertion ensures that the LS 
and HS will never switch simultaneously. 


The DTI stage consists of four equal dead-time insertion generators; one for each of the first four compare channels. 
Figure 29-33 shows the block diagram of one DTI generator. The four channels have a common register which 
controls the dead time and is independent of high side and low side setting. 


Figure 29-33.Dead-Time Generator Block Diagram 
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As shown in Figure 29-33, the 8-bit dead-time counter is decremented by one for each peripheral clock cycle, until it 
reaches zero. A nonzero counter value will force both the low side and high side outputs into their OFF state. When 
the output matrix (OTMX) output changes, the dead-time counter is reloaded according to the edge of the input. When 
the output changes from low to high (positive edge) it initiates counter reload of the DTLS register, and when the 
output changes from high to low (negative edge) reload the DTHS register. 



































Atmel | SMART SAM D11 [DATASHEET 642 
Atmel | 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





Figure 29-34.Dead-Time Generator Timing Diagram 
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The pattern generator unit produces a synchronized bit pattern across the port pins it is connected to. The pattern 
generation features are primarily intended for handling the commutation sequence in brushless DC motor (BLDC), 
stepper motor and full bridge control. A block diagram of the pattern generator is shown in Figure 29-35. 


Figure 29-35.Pattern Generator Block Diagram 
COUNT 
UPDATE 


SWAP output 











WOx([7:0] 


As with other double buffered timer/counter registers, the register update is synchronized to the UPDATE condition 
set by the timer/counter waveform generation operation. If the synchronization is not required by the application, the 
software can simply access directly the PATT.PGE, PATT.PGV bits registers. 
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29.6.4 DMA, Interrupts and Events 
Table 29-5. Module request for TCC 



































Interrupt Event 

leroy are lia fea} request output Eventinput DMA request DMA request is cleared 
Cleared when PER/PERB, 
CCx/CCBx, PATT/PATTB 

(1) ’ 

Cee eee x “ ‘ or WAVE/WAVEB register is 
written. 
For compare channel: 
Cleared when CCBx register 
is written. 

eae sla Match Xx x x2) x 

2 For capture channel: 

Cleared when CCx register 
is read. 

Retrigger x 

Count x 

Capture Overflow Error Xx 

Synchronization Ready x 

Debug Fault State Xx 

Recoverable Faults Xx 

Non-Recoverable Faults x 

TCCx Event 0 input x®) 

TCCx Event 1 input x4) 


























Notes: 1. 
2. 
3. 


4. 


DMA request set on overflow, underflow or retrigger conditions. 
Can perform capture or generate recoverable fault on an event input. 


Can retrigger counter / control counter direction / stop the counter / decrement the counter / perform 
period and pulse width capture / generate non-recoverable fault on an event input. 


Can retrigger counter / increment or decrement counter depending on direction / start the counter / incre- 
ment or decrement counter based on direction / increment counter regardless of direction / generate non- 
recoverable fault on an event input. 


29.6.4.1 DMA Operation 
The TCC generates the following DMA requests: 


e Overflow (OVF): the request is set when an update condition (overflow, underflow or re-trigger) is detected. 

e Compare Match or Capture (MCx): for a compare channel, the request is set on each compare match detection. 
For a capture channel, the request is set when valid data is present in CCx register, and cleared when CCx 
register is read. 


29.6.4.2 Interrupts 


The TCC has the following interrupt sources: 
Overflow/Underflow: OVF 


Retrigger: TRG 
Count: CNT. For further details, refer to EVCTRL.CNTSEL description. 


e Capture Overflow Error: ERR 
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Debug Fault State: DFS 
Recoverable Faults: FAULTn 
Non-recoverable Faults: FAULTx 


Compare Match or Capture Channels: MCx 


Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status and Clear 
(INTFLAG) register is set when the interrupt condition occurs. Each interrupt can be individually enabled by writing a 
one to the corresponding bit in the Interrupt Enable Set (INTENSET) register, and disabled by writing a one to the 
corresponding bit in the Interrupt Enable Clear (INTENCLR) register. An interrupt request is generated when the 
interrupt flag is set and the corresponding interrupt is enabled. The interrupt request remains active until the interrupt 
flag is cleared, the interrupt is disabled, or the TCC is reset. See the INTFLAG for details on how to clear interrupt 
flags. The TCC has one common interrupt request line for all the interrupt sources. Refer to “Processor And 
Architecture” on page 25 for details. The user must read the INTFLAG register to determine which interrupt condition 
is present. 


Note that interrupts must be globally enabled for interrupt requests to be generated. Refer to “Processor And 
Architecture” on page 25 for details. 


29.6.4.3 Events 


The TCC can generate the following output events: 
e Overflow/Underflow: OVF 
e Trigger: TRG 
e Counter: CNT. For further details, refer to EVCTRL.CNTSEL description. 
e Compare Match or Capture on compare/capture channels: MCx 
Writing a one to an Event Output bit in the Event Control Register (EVCTRL.xxEO) enables the corresponding output 
event. Writing a zero to this bit disables the corresponding output event. Refer to “EVSYS — Event System” on page 
405 for details on configuring the event system. 
The TCC can take the following actions on a channel input event (MCx): 
e Capture event 
e Generate a recoverable fault 
The TCC can take the following actions on counter event 1 (TCCx EV1): 
Counter retrigger 
Counter direction control 
Stop the counter 
Decrement the counter on event 
Period and pulse width capture 
Non-recoverable fault 


The TCC can take the following actions on counter event 0 (TCCx EVO): 
e Counter retrigger 
e Count on event (increment or decrement, depending on counter direction) 
e Counter start. Start counting on the event rising edge. Further events will not restart the counter; it keeps 
on counting using prescaled GCLK_TCCx, until it reaches TOP or Zero depending on the direction. 


e Counter increment on event. This will increment the counter irrespective of the counter direction. 

e Count during active state of an asynchronous event (increment or decrement, depending on counter 
direction). In this case, the counter will be incremented or decremented on each cycle of the prescaled 
clock, as long as the event is active. 

e Non-recoverable fault 

The counter Event Actions are available in Event Control register (EVCTRL.EVACTO and EVCTRL.EVACT1). For 
further details, refer to EVCTRL register description. 
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29.6.5 


29.6.6 


Writing a one to an Event Input bit in the Event Control register (EVCTRL.MCEIx or EVCTRL.TCElIx) enables the 
corresponding action on input event. Writing a zero to this bit disables the corresponding action on input event. Note 
that if several events are connected to the TCC, the enabled action will apply for each the incoming event. Refer to 
“EVSYS — Event System” on page 405 for details on how to configure the event system. 


Sleep Mode Operation 


The TCC can be configured to operate in any sleep mode. To be able to run in standby the RUNSTDBY bit 
(CTRLA.RUNSTDBY) must be written to one. The TCC can wake up the device using interrupts from any sleep mode 
or performs internal actions through the event system. 


Synchronization 
Due to the asynchronicity between CLK_TCCx_APB and GCLK_TCCx some registers must be synchronized when 
accessed. A register can require: 

e Synchronization when written 

e Synchronization when read 

e = Synchronization when written and read 

e No synchronization 
When a register requiring synchronization is accessed, the corresponding synchronization bit is set in Synchronization 
Busy register (SYNCBUSY) and cleared when the synchronization is complete. 
An access to a register with synchronization busy bit set, will trigger an hardware interrupt. 
The following bits need synchronization when written: 

e Software Reset and Enable bits in Control A register (CTRLA.SWRST and CTRLA.ENABLE) 
Write-synchronization is denoted by the Write-Synchronized property in the register description. 
The following registers require synchronization when written: 
e Control B Clear and Control B Set registers (CTRLBCLR and CTRLBSET) 

Status register (STATUS) 
Pattern and Pattern Buffer registers (PATT and PATTB) 
Waveform and Waveform Buffer registers (WAVE and WAVEB) 
Count Value register (COUNT) 
Period Value and Period Buffer Value registers (PER and PERB) 
Compare/Capture Value and Compare/Capture Buffer Value registers (CCx and CCBx) 


Write-synchronization is denoted by the Write-Synchronized property in the register description. 
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29.7 Register Summary 


Table 29-6. Register Summary 











































































































































































































Bit 
Offset Name Pos. 
0x00 7:0 RESOLUTION[1:0] ENABLE SWRST 
0x01 15:8 ALOCK PRESCSYNC[1:0] RUNSTDBY PRESCALER[2:0] 
|__| CTRLA 
0x02 23:16 
0x03 31:24 CPTEN3 CPTEN2 CPTEN1 CPTENO 
0x04 CTRLBCLR 7:0 CMD[2:0] IDXCMD[1:0] ONESHOT LUPD DIR 
0x05 CTRLBSET 7:0 CMD[2:0] IDXCMD[1:0] ONESHOT LUPD DIR 
0x06 Reserved 
0x07 Reserved 
0x08 7:0 PER WAVE PATT COUNT STATUS CTRLB ENABLE SWRST 
0x09 15:8 CC3 Ccc2 Cc1 cco 
I, SYNCBUSY 
Ox0A 23:16 CCB3 CCB2 CCB1 CCBO PERB WAVEB PATTB 
0x0B 31:24 
0x0C 7:0 RESTART BLANK[1:0] QUAL KEEP SRC[1:0] 
0x0D 15:8 BLANKPRESC CAPTURE[2:0] CHSEL[1:0] HALT[1:0] 
FCTRLA 
Ox0E 23:16 BLANKVAL[7:0] 
Ox0F 31:24 FILTERVAL[3:0] 
0x10 7:0 RESTART BLANK[1:0] QUAL KEEP SRC[1:0] 
0x11 15:8 BLANKPRESC CAPTURE[2:0] CHSEL[1:0] HALT[1:0] 
FCTRLB 
0x12 23:16 BLANKVAL[7:0] 
0x13 31:24 FILTERVAL[3:0] 
0x14 7:0 OTMX[1:0] 
0x15 15:8 DTIEN3 DTIEN2 DTIEN1 DTIENO 
|__| WEXCTRL 
0x16 23:16 DTLS[7:0] 
0x17 31:24 DTHS[7:0] 
0x18 7:0 NRE7 NRE6 NRE5 NRE4 NRE3 NRE2 NRE1 NREO 
0x19 15:8 NRV7 NRV6 NRV5 NRV4 NRV3 NRV2 NRV1 NRVO 
I} DRVCTRL 
Ox1A 23:16 INVEN7 INVENG6 INVEN5 INVEN4 INVEN3 INVEN2 INVEN1 INVENO 
0x1B 31:24 FILTERVAL1[3:0] FILTERVALO[3:0] 
0x1C Reserved 
0x1D Reserved 
Ox1E DBGCTRL 7:0 FDDBD DBGRUN 
Ox1F Reserved 
0x20 7:0 CNTSEL[1:0] EVACT1[2:0] EVACTO[2:0] 
0x21 15:8 TCE! TCEIO TCINV1 TCINVO CNTEO TRGEO OVFEO 
EVCTRL 
0x22 23:16 MCEI3 MCEI2 MCEI1 MCEIO 
0x23 31:24 MCEO3 MCEO2 MCEO1 MCEOO 
0x24 7:0 ERR CNT TRG OVF 
0x25 15:8 FAULT1 FAULTO FAULTB FAULTA DFS 
INTENCLR 
0x26 23:16 MC3 MC2 MC1 MCO 
0x27 31:24 
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0x28 7:0 ERR CNT TRG OVF 
0x29 15:8 FAULT1 FAULTO FAULTB FAULTA DFS 
INTENSET 
0x2A 23:16 MC3 MC2 MC1 MCO 
0x2B 31:24 
0x2C 7:0 ERR CNT TRG OVF 
0x2D 15:8 FAULT1 FAULTO FAULTB FAULTA DFS 
INTFLAG 
Ox2E 23:16 MC3 MC2 MC1 MCO 
Ox2F 31:24 
0x30 7:0 PERBV WAVEBV PATTBV SLAVE DFS IDX STOP 
0x31 15:8 FAULT1 FAULTO FAULTB FAULTA FAULT1IN FAULTOIN FAULTBIN FAULTAIN 
STATUS 
0x32 23:16 CCBV3 CCBV2 CCBV1 CCBVO 
0x33 31:24 CMP3 CMP2 CMP1 CMPO 
0x34 7:0 COUNT{7:0] 
0x35 15:8 COUNT[15:8] 
t+———— COUNT 
0x36 23:16 COUNT[23:16] 
0x37 31:24 
0x38 7:0 PGE7 PGE6 PGE5 PGE4 PGE3 PGE2 PGE1 PGEO 
|__| PATT 
0x39 15:8 PGV7 PGV6 PGV5 PGV4 PGV3 PGV2 PGV1 PGVO 
0x3A Reserved 
0x3B Reserved 
0x3C 7:0 CIPEREN RAMP{[1:0] WAVEGEN2:0] 
0x3D 15:8 CICCEN3 CICCEN2 CICCEN1 CICCENO 
WAVE 
0x3E 23:16 POL3 POL2 POL1 POLO 
Ox3F 31:24 SWAP3 SWAP2 SWAP1 SWAPO 
0x40 7:0 PER[7:0] 
0x41 15:8 PER[15:8] 
PER 
0x42 23:16 PER[23:16] 
0x43 31:24 
0x44 7:0 CC[7:0] 
0x45 15:8 CC[15:8] 
t+———— CCo 
0x46 23:16 CC[23:16] 
0x47 31:24 
0x54 
= Reserved 
0x63 
0x64 7:0 PGEB7 PGEB6 PGEB5 PGEB4 PGEB3 PGEB2 PGEB1 PGEBO 
PATTB 
0x65 15:8 PGVB7 PGVB6 PGVB5 PGVB4 PGVB3 PGVB2 PGVB1 PGVBO 
0x66 Reserved 
0x67 Reserved 
0x68 7:0 CIPERENB RAMPB[1:0] WAVEGENB/2:0] 
0x69 15:8 CICCENB3 CICCENB2 CICCENB1 CICCENBO 
|__| WAVEB 
Ox6A 23:16 POLB3 POLB2 POLB1 POLBO 
0x6B 31:24 SWAPB3 SWAPB2 SWAPB1 SWAPBO 
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Ox6C 7:0 PERBI[7:0] 
ox6D 15:8 PERB[15:8] 
PERB 
Ox6E 23:16 PERB[23:16] 
Ox6F 31:24 | 
0x70 7-0 CCBI7:0} 
ox71 15:8 CCBI15:8] 
CCBO 
0x72 23:16 CCBI23:16] 
0x73 31:24 
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29.8 Register Description 


Registers can be 8, 16, or 32 bits wide. Atomic 8-, 16-, and 32-bit accesses are supported. In addition, the 8-bit quarters 
and 16-bit halves of a 32-bit register, and the 8-bit halves of a 16-bit register can be accessed directly. 


Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Write-protection is denoted by 
the Write-Protected property in each individual register description. Please refer to the “Register Access Protection” on 
page 616 and the PAC chapter for details. 


Some registers require synchronization when read and/or written. Synchronization is denoted by the Write-Synchronized 
or Read-Synchronized property in each individual register description. Please refer to the “Synchronization” on page 646 
for details. 


Some registers are enable-protected, meaning they can only be written when the TCC is disabled. Enable-protection is 
denoted by the Enable-Protected property in each individual register description. 
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29.8.1 Control A 
Name: CTRLA 
Offset: 0x00 
Reset: 0x00000000 


Access: Read-Write 


Property: Enable-Protected, Write-Protected, Write-Synchronized 


Bit 31 30 29 28 27 26 25 24 
Access R R R R R/iW R/iW R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R R R R 
Reset 
Bit 15 14 13 12 11 10 9 8 
Si ALOCK PRESCSYNC[1:0] RUNSTDBY PRESCALER2:0] 
Access R R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R R/W R/W R R R R/W R/W 
Reset 0 0 0 0 0 0 0 0 
e Bits 31:28 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
e = Bits 27:24 - CPTENx [x=3..0]: Capture Channel x Enable 
These bits are used to select the capture or compare operation on channel x. The number of available channels 
depend on the TCC instance. 
Writing a one to CAPTENx enables capture on channel x. 
Writing a zero to CAPTENx disables capture on channel x. 
These bits are not synchronized. 
e Bits 23:15 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
e Bit 14- ALOCK: Auto Lock 


Atmel 


When this bit is set, Lock Update (LUPD) is set to one on each overflow/underflow or re-trigger event. 
0: The LUPD bit is not affected on overflow/underflow, and re-trigger event. 
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1: The LUPD bit is set on each overflow/underflow or re-trigger event. 


This bit is not synchronized. 


Bits 13:12 - PRESCSYNC[1:0]: Prescaler and Counter Synchronization Selection 

These bits select if on retrigger event, the Counter should be cleared or reloaded on the next GCLK_TCCx clock or 
on the next prescaled GCLK_TCCx clock. It also makes possible to reset the prescaler on retrigger event, as 
shown in the following table. 


These bits are not synchronized. 


Table 29-7. Prescaler and Counter Synchronization Selection 














PRESCSYNC[1:0] Name Description 
0x0 GCLK Reload or reset counter on next GCLK 
Ox1 PRESC Reload or reset counter on next prescaler clock 
0x2 RESYNC Sgiees reset counter on next GCLK and reset prescaler 
0x3 Reserved 











Bit 11 - RUNSTDBY: Run in Standby 

This bit is used to keep the TCC running in standby mode: 
0: The TCC is halted in standby. 

1: The TCC continues to run in standby. 

This bit is not synchronized. 


Bits 10:8 - PRESCALER[2:0]: Prescaler 
These bits select the Counter prescaler factor as shown in the following table. 
These bits are not synchronized. 


Table 29-8. Prescaler 



































PRESCALER[2:0] Name Description 

0x0 DIV1 No division 
0x1 DIV2 Divide by 2 
0x2 DIV4 Divide by 4 
0x3 DIV8 Divide by 8 
0x4 DIV16 Divide by 16 
0x5 DIV64 Divide by 64 
Ox6 DIV256 Divide by 256 
0x7 DIV1024 Divide by 1024 

e Bit 7 - Reserved 
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This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bits 6:5 - RESOLUTION[1:0]: Enhanced Resolution 
These bits increase the TCC resolution by enabling the dithering options, according to the following table. 
These bits are not synchronized. 
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Table 29-9. Enhanced Resolution 














RESOLUTION[1:0] Description 
0x0 NONE Dithering is disabled 
Ox1 DITH4 Dithering is done every 16 PWM frames 
Ox2 DITH5 Dithering is done every 32 PWM frames 
0x3 DITH6 Dithering is done every 64 PWM frames 

















e Bits 4:2 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 1- ENABLE: Enable 
0: The peripheral is disabled. 
1: The peripheral is enabled. 
Due to synchronization there is delay from writing CTRLA.ENABLE until the peripheral is enabled/disabled. The 
value written to CTRLA.ENABLE will read back immediately and the ENABLE bit in the SYNCBUSY register 
(SYNCBUSY.ENABLE) will be set. SYNCBUSY.ENABLE will be cleared when the operation is complete. 


e Bit 0 - SWRST: Software Reset 
0: There is no reset operation ongoing. 
1: The reset operation is ongoing. 
Writing a zero to this bit has no effect. 
Writing a one to this bit resets all registers in the TCC, except DBGCTRL, to their initial state, and the TCC will be 
disabled. 
Writing a one to CTRLA.SWRST will always take precedence; all other writes in the same write-operation will be 
discarded. 


Due to synchronization there is a delay from writing CTRLA.SWRST until the reset is complete. CTRLA.SWRST 
and SYNCBUSY.SWRST will both be cleared when the reset is complete. 
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29.8.2 Control B Clear 


Name: CTRLBCLR 
Offset: 0x04 
Reset: 0x00 


Access: Read-Write 
Property: Read-Synchronized, Write-Protected, Write-Synchronized 


Bit 7 6 5 4 3 2 1 0 

a 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to change the below mentioned functionalities without doing a read-modify-write operation. 
Changes in this register will also be reflected in the Control B Set (CTRLBSET) register. 


e Bits 7:5 - CMD[2:0]: TCC Command 
These bits can be used for software control of re-triggering and stop commands of the TCC. When a command 
has been executed, the CMD bit field will read back zero. The commands are executed on the next prescaled 
GCLK_TCC clock cycle. 


Writing a zero to this bit group has no effect. 
Writing a valid value to these bits will clear the corresponding pending command. 


Table 29-10. TCC Command 

















(e313) 7-0) | Name Description 
0x0 NONE No action 
Ox1 RETRIGGER Clear start, restart or retrigger 
Ox2 STOP Force stop 
0x3 UPDATE Force update or double buffered registers 
0x4 READSYNC Force COUNT read synchronization 
Ox5-0x7 Reserved 

















e_- Bits 4:3 - IDXCMD[1:0]: Ramp Index Command 
These bits can be used to force cycle A and cycle B changes in RAMP2 and RAMP2A operation, according to the 
following table. On timer/counter update condition, the command is executed, the IDX flag in STATUS register is 
updated and the IDXCMD command is cleared. 
Writing a zero to this field has no effect. 
Writing a valid value to this field will clear the pending command. 


Table 29-11. Ramp Index Command 








IDXCMD[1:0] Description 
0x0 DISABLE Command disabled: Index toggles between cycles A and B 
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IDXCMD[1:0] Description 


Ox1 SET Set index: cycle B will be forced in the next cycle 





0x2 CLEAR Clear index: cycle A will be forced in the next cycle 








Hold index: the next cycle will be the same as the current 


0x3 HOLD 
cycle 











Bit 2 - ONESHOT: One-Shot 

This bit controls one-shot operation of the TCC. When one-shot operation is enabled, the TCC will stop counting 
on the next overflow/underflow condition or on a stop command. 

0: The TCC will update the counter value on overflow/underflow condition and continues operation. 

1: The TCC will stop counting on the next underflow/overflow condition. 

Writing a zero to this bit has no effect 

Writing a one to this bit will disable the one-shot operation. 


Bit 1 - LUPD: Lock Update 

This bit controls the update operation of the TCC buffered registers. When this bit is set, no update of the buffered 
registers is performed, even though an UPDATE condition has occurred. Locking the update ensures that all buf- 
fers registers are valid before an update is performed. 

This bit has no effect when input capture operation is enabled. 

1: The CCBx, PERB, PGVB, PGEB, and SWAPBx buffer registers value are not copied into the corresponding 
CCx, PER, PGV, PGE and SWAP*x registers. 

0: The CCBx, PERB, PGVB, PGEB, and SWAPBx buffer registers value are copied into the corresponding CCx, 
PER, PGV, PGE and SWAPx registers on counter update condition. 


Bit 0 — DIR: Counter Direction 
This bit is used to change the direction of the counter. 


0: The timer/counter is counting up (incrementing). 

1: The timer/counter is counting down (decrementing). 
Writing a zero to this bit has no effect 

Writing a one to this bit will make the counter count up. 
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29.8.3 Control B Set 


Name: CTRLBSET 
Offset: 0x05 
Reset: 0x00 


Access: Read-Write 
Property: Write-Protected, Write-Synchronized 


Bit 7 6 5 4 3 2 1 0 

a 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to change the below mentioned functionalities without doing a read-modify-write operation. 
Changes in this register will also be reflected in the Control B Clear (CTRLBCLR) register. 


e Bits 7:5 - CMD[2:0]: TCC Command 
These bits can be used for software control of re-triggering and stop commands of the TCC. When a command 
has been executed, the CMD field will be read back as zero. The commands are executed on the next prescaled 
GCLK_TCC clock cycle. 
Writing a zero to this bit group has no effect 
Writing a valid value into this bit group will set the associated command, as shown in the table below. 


Table 29-12. TCC Command 























CMD[2:0] Name Description 
0x0 NONE No action 
Ox1 RETRIGGER Clear start, restart or retrigger 
Ox2 STOP Force stop 
0x3 UPDATE Force update or double buffered registers 
0x4 READSYNC Force COUNT read synchronization 
Ox5-0x7 Reserved 











e- Bits 4:3 - IDXCMD[1:0]: Ramp Index Command 
These bits can be used to force cycle A and cycle B changes in RAMP2 and RAMP2A operation, according to the 
table below. On timer/counter update condition, the command is executed, the IDX flag in STATUS register is 
updated and the IDXCMD command is cleared. 
Writing a zero to this field has no effect. 
Writing a valid value into this field will set a command. 


Table 29-13. Ramp Index Command 








IDXCMD[1:0] Description 
0x0 DISABLE Command disabled: Index toggles between cycles A and B 
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IDXCMD[1:0] Description 


Ox1 SET Set index: cycle B will be forced in the next cycle 





0x2 CLEAR Clear index: cycle A will be forced in the next cycle 








Hold index: the next cycle will be the same as the current 


0x3 HOLD 
cycle 











Bit 2 -—- ONESHOT: One-Shot 

This bit controls one-shot operation of the TCC. When in one-shot operation, the TCC will stop counting on the 
next overflow/underflow condition or a stop command. 

0: The TCC will count continuously. 

1: The TCC will stop counting on the next underflow/overflow condition. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will enable the one-shot operation. 


Bit 1 - LUPD: Lock Update 

This bit controls the update operation of the TCC buffered registers. When this bit is set, no update of the buffered 
registers is performed, even though an UPDATE condition has occurred. Locking the update can be used to 
ensure that all buffer registers are loaded with the desired values, before an update is performed. After all the buf- 
fer registers are loaded correctly, the buffered registers can be unlocked. 

This bit has no effect when input capture operation is enabled. 

1: The CCBx, PERB, PGVB, PGEB, and SWAPBx buffer registers value are not copied into CCx, PER, PGV, PGE 
and SWAP*x registers. 

0: The CCBx, PERB, PGVB, PGEB, and SWAPBx buffer registers value are copied into CCx, PER, PGV, PGE 
and SWAPx registers on timer Overflow/underflow or retrigger condition. 


Bit 0 — DIR: Counter Direction 
This bit is used to change the direction of the counter. 


0: The timer/counter is counting up (incrementing). 

1: The timer/counter is counting down (decrementing). 
Writing a zero to this bit has no effect 

Writing a one to this bit will make the counter count down. 
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29.8.4 Synchronization Busy 


Name: SYNCBUSY 
Offset: 0x08 
Reset: 0x00000000 
Access: Read-Only 
Property: - 
Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 
Bit 23 22 21 20 19 18 17 16 
Ss CCB3 CCB2 CCB1 CCBO PERB WAVEB PATTB 
Access R R R R R R R R 
Reset 
Bit 15 14 13 12 11 10 9 8 
a 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
| PER | WAVE PATT COUNT STATUS CTRLB ENABLE SWRST 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
e Bits 31:23 — Reserved 
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These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bits 22:19 — CCBx [x=3..0]: Compare Channel Buffer x Busy 

This bit is cleared when the synchronization of Compare/Capture Channel x Buffer register between the clock 
domains is complete. 

This bit is set when the synchronization of Compare/Capture Channel x Buffer register between clock domains is 
started. 

CCBx bit is available only for existing Compare/Capture Channels. For details on CC channels number, refer to 
each TCC feature list. 

This bit is set when the synchronization of CCBx register between clock domains is started. 


Bit 18 - PERB: Period Buffer Busy 
This bit is cleared when the synchronization of PERB register between the clock domains is complete. 


This bit is set when the synchronization of PERB register between clock domains is started. 
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Bit 17 - WAVEB: Wave Buffer Busy 
This bit is cleared when the synchronization of WAVEB register between the clock domains is complete. 


This bit is set when the synchronization of WAVEB register between clock domains is started. 


Bit 16 — PATTB: Pattern Buffer Busy 
This bit is cleared when the synchronization of PATTB register between the clock domains is complete. 


This bit is set when the synchronization of PATTB register between clock domains is started. 


Bits 15:12 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bits 11:8 — CCx [x=3..0]: Compare Channel x Busy 

This bit is cleared when the synchronization of Compare/Capture Channel x register between the clock domains is 
complete. 

This bit is set when the synchronization of Compare/Capture Channel x register between clock domains is started. 


CCx bit is available only for existing Compare/Capture Channels. For details on CC channels number, refer to 
each TCC feature list. 
This bit is set when the synchronization of CCx register between clock domains is started. 


Bit 7 — PER: Period busy 
This bit is cleared when the synchronization of PER register between the clock domains is complete. 


This bit is set when the synchronization of PER register between clock domains is started. 


Bit 6 - WAVE: Wave Busy 
This bit is cleared when the synchronization of WAVE register between the clock domains is complete. 


This bit is set when the synchronization of WAVE register between clock domains is started. 


Bit 5 — PATT: Pattern Busy 
This bit is cleared when the synchronization of PATT register between the clock domains is complete. 


This bit is set when the synchronization of PATT register between clock domains is started. 


Bit 4 - COUNT: Count Busy 
This bit is cleared when the synchronization of COUNT register between the clock domains is complete. 


This bit is set when the synchronization of COUNT register between clock domains is started. 


Bit 3 - STATUS: Status Busy 
This bit is cleared when the synchronization of STATUS register between the clock domains is complete. 


This bit is set when the synchronization of STATUS register between clock domains is started. 


Bit 2 -— CTRLB: Ctrlb Busy 
This bit is cleared when the synchronization of CTRLB register between the clock domains is complete. 


This bit is set when the synchronization of CTRLB register between clock domains is started. 


Bit 1 - ENABLE: Enable Busy 
This bit is cleared when the synchronization of ENABLE register bit between the clock domains is complete. 


This bit is set when the synchronization of ENABLE register bit between clock domains is started. 


Bit 0 - SWRST: Swrst Busy 
This bit is cleared when the synchronization of SWRST register bit between the clock domains is complete. 


This bit is set when the synchronization of SWRST register bit between clock domains is started. 
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29.8.5 Recoverable Fault A Configuration 
Name: FCTRLA 
Offset: 0x0C 
Reset: 0x00000000 
Access: Read-Write 


Property: Enable-Protected, Write-Protected 


Bit 31 30 29 28 27 26 25 24 
a a 

Access R R R R R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 23 22 21 20 19 18 17 16 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 15 14 13 12 11 10 9 8 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 
os 

Access R/W R/W R/W R/W R/W R R/W R/W 

Reset 0 0 0 0 0 0 0 


e Bits 31:28 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 27:24 — FILTERVAL[3:0]: Fault A Filter Value 
These bits define the filter value applied on MCEx (x=0,1) event input line. The value must be set to zero when 
MCEx event is used as synchronous event. 


e Bits 23:16 - BLANKVAL[7:0]: Fault A Blanking Time 
These bits are used to ignore potential glitches after selectable waveform edge is detected. The edge selection is 
available in BLANK bits (FCTRLA.BLANK). When enabled, the fault input source is internally disabled during 
BLANKVAL* prescaled GCLK_TCC periods after the detection of the waveform edge. 


e Bit 15- BLANKPRESC: Fault A Blanking Prescaler 
This bit enables a 64 prescaler factor on BLANKVAL value. 


0: Blank time is BLANKVAL* prescaled GCLK_TCC. 
1: Blank time is BLANKVAL* 64 * prescaled GCLK_TCC. 
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e Bits 14:12 - CAPTURE[2:0]: Fault A Capture Action 
These bits select the capture and Fault A interrupt/event conditions, as defined in the table below. 


Table 29-14. Fault A Capture Action 





























CAPTURE[2:0] Name Description 

0x0 DISABLE No capture 
0x1 CAPT Capture on fault 
Ox2 CAPTMIN Minimum capture 
0x3 CAPTMAX Maximum capture 
0x4 LOCMIN Minimum local detection 
0x5 LOCMAX Maximum local detection 

pe Ox6 DERIVO 5 ‘Minimum and maximum local detection 
Ox7 CAPTMARK Capture with ramp index as MSB value 

















e Bits 11:10 - CHSEL[1:0]: Fault A Capture Channel 
These bits select the channel for capture operation triggered by recoverable Fault A, as defined in the table below. 


Table 29-15. Fault A Capture Channel 














CHSEL[1:0] Name Description 
0x0 CCO | Capture value stored in channel 0 
Ox1 CC1 Capture value stored in channel 1 
Ox2 CC2 Capture value stored in channel 2 
0x3 CC3 Capture value stored in channel 3 

















e = Bits 9:8 — HALT[1:0]: Fault A Halt Mode 
These bits select the halt action for recoverable Fault A as defined in the table below. 


Table 29-16. Fault A Halt Mode 














HALT[1:0] Name Description 
0x0 DISABLE Halt action disabled 
0x1 HW Hardware halt action 
0x2 SW Software halt action 
0x3 NR Non-recoverable fault 

















e Bit 7 - RESTART: Fault A Restart 
Setting this bit enables restart action for Fault A. 


0: Fault A restart action is disabled. 
1: Fault A restart action is enabled. 


e Bits 6:5 - BLANK[1:0]: Fault A Blanking Mode 
These bits, select the blanking start point for recoverable Fault A as defined in the table below. 
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Table 29-17. Fault A Blanking Mode 














BLANK[1:0] Name Description 
0x0 START Blanking applied from start of ramp 
0x1 RISE Blanking applied from rising edge of the output waveform 
0x2 FALL Blanking applied from falling edge of the output waveform 
0x3 BOTH Blanking applied from each toggle of the output waveform 

















e Bit 4- QUAL: Fault A Qualification 
Setting this bit, enables the recoverable Fault A input qualification. 
0: The recoverable Fault A input is not disabled on CMPx value condition. 
1: The recoverable Fault A input is disabled when output signal is at inactive level (CMPx == 0). 


e Bit 3-— KEEP: Fault A Keeper 
Setting this bit enables the Fault A keep action. 


0: The Fault A state is released as soon as the recoverable Fault A is released. 
1: The Fault A state is released at the end of TCC cycle. 


e Bit 2 —- Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


e Bits 1:0 - SRC[1:0]: Fault A Source 
These bits select the TCC event input for recoverable Fault A, as defined in the table below. 


Event system channel connected to MCEx event input, must be configured to route the event asynchronously, 
when used as a recoverable Fault A input. 


Table 29-18. Fault A Source 


























SRC[1:0] Name Description 
0x0 DISABLE Fault input disabled 
0x1 ENABLE MCEx (x=0,1) event input 
0x2 INVERT Inverted MCEx (x=0,1) event input 
0x3 ALTFAULT Alternate fault (A or B) state at the end of the previous period 
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29.8.6 Recoverable Fault B Configuration 
Name: FCTRLB 
Offset: 0x10 
Reset: 0x00000000 
Access: Read-Write 


Property: Enable-Protected, Write-Protected 


Bit 31 30 29 28 27 26 25 24 
a a 

Access R R R R R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 23 22 21 20 19 18 17 16 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 15 14 13 12 11 10 9 8 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 
os 

Access R/W R/W R/W R/W R/W R R/W R/W 

Reset 0 0 0 0 0 0 0 


e Bits 31:28 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 27:24 — FILTERVAL[3:0]: Fault B Filter Value 
These bits define the filter value applied on MCEx (x=0,1) event input line. The value must be set to zero when 
MCEx event is used as synchronous event. 


e Bits 23:16 - BLANKVAL[7:0]: Fault B Blanking Time 
These bits are used to ignore potential glitches after selectable waveform edge is detected. The edge selection is 
available in BLANK bits (FCTRLB.BLANK). When enabled, the fault input source is internally disabled during 
BLANKVAL* prescaled GCLK_TCC periods after the detection of the edge. 


e Bit 15- BLANKPRESC: Fault B Blanking Prescaler 
This bit enables a 64 prescaler factor on BLANKVAL value. 


0: Blank time is BLANKVAL* prescaled GCLK_TCC. 
1: Blank time is BLANKVAL* 64 * prescaled GCLK_TCC. 
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e = Bits 14:12 - CAPTURE[2:0]: Fault B Capture Action 
These bits select the capture and Fault B interrupt/event conditions, as defined in table below. 


Table 29-19. Fault B Capture Action 





























CAPTURE[2:0] Name Description 

0x0 DISABLE No capture 
0x1 CAPT Capture on fault 
Ox2 CAPTMIN Minimum capture 
0x3 CAPTMAX Maximum capture 
0x4 LOCMIN Minimum local detection 
0x5 LOCMAX Maximum local detection 

pe Ox6 DERIVO 5 ‘Minimum and maximum local detection 
Ox7 CAPTMARK Capture with ramp index as MSB value 

















e Bits 11:10 - CHSEL[1:0]: Fault B Capture Channel 
These bits select the channel for capture operation triggered by recoverable Fault B, as defined in the table below. 


Table 29-20. Fault B Capture Channel 














CHSEL[1:0] Name Description 
0x0 CCO | Capture value stored in channel 0 
Ox1 CC1 Capture value stored in channel 1 
Ox2 CC2 Capture value stored in channel 2 
0x3 CC3 Capture value stored in channel 3 

















e = Bits 9:8 - HALT[1:0]: Fault B Halt Mode 
These bits select the halt action for recoverable Fault B as defined in the table below. 


Table 29-21. Fault B Halt Mode 














HALT[1:0] Name Description 
0x0 DISABLE Halt action disabled 
0x1 HW Hardware halt action 
0x2 SW Software halt action 
0x3 NR Non-recoverable fault 

















e Bit 7 - RESTART: Fault B Restart 
Setting this bit enables restart action for Fault B. 


0: Fault B restart action is disabled. 
1: Fault B restart action is enabled. 


e Bits 6:5 - BLANK[1:0]: Fault B Blanking Mode 
These bits, select the blanking start point for recoverable Fault B as defined in the table below. 
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Table 29-22. Fault B Blanking Mode 














BLANK[1:0] Name Description 
0x0 START Blanking applied from start of ramp 
0x1 RISE Blanking applied from rising edge of the output waveform 
0x2 FALL Blanking applied from falling edge of the output waveform 
0x3 BOTH Blanking applied from each toggle of the output waveform 

















e Bit 4- QUAL: Fault B Qualification 
Setting this bit, enables the recoverable Fault B input qualification. 
0: The recoverable Fault B input is not disabled on CMPx value condition. 
1: The recoverable Fault B input is disabled when output signal is at inactive level (CMPx == 0). 


e Bit 3-— KEEP: Fault B Keeper 
Setting this bit enables the Fault B keep action. 


0: The Fault B state is released as soon as the recoverable Fault B is released. 
1: The Fault B state is released at the end of TCC cycle. 


e Bit 2 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


e = Bits 1:0 - SRC[1:0]: Fault B Source 
These bits select the TCC event input for recoverable Fault B, as defined in the table below. 


Event system channel connected to MCEx event input, must be configured to route the event asynchronously, 
when used as a recoverable Fault B input. 


Table 29-23. Fault B Source 


























15109 | Name Description 
0x0 DISABLE Fault input disabled 
0x1 ENABLE MCEx (x=0,1) event input 
0x2 INVERT Inverted MCEx (x=0,1) event input 
0x3 ALTFAULT Alternate fault (A or B) state at the end of the previous period 
Atmel eet ere clceaeie. 





29.8.7 Waveform Extension Configuration 
Name: WEXCTRL 
Offset: 0x14 
Reset: 0x00000000 
Access: Read-Write 


Property: Enable-Protected, Write-Protected 


Bit 31 30 29 28 27 26 25 24 
DTHS[7:0] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 23 22 21 20 19 18 17 16 
DTLS[7:0] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 


15 14 13 12 11 10 9 8 
R R R R R/W R/W R/W R/W 


Access 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 
SS el l—E—E 

Access R R R R R R R/W R/W 

Reset 0 0 0 0 0 0 0 0 


e Bits 31:24 - DTHS[7:0]: Dead-time High Side Outputs Value 
This register holds the number of GCLK_TCC clock cycles for the dead-time high side. 


e Bits 23:16 — DTLS[7:0]: Dead-time Low Side Outputs Value 
This register holds the number of GCLK_TCC clock cycles for the dead-time low side. 


e Bits 15:12 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 11:8 — DTIENx [x=3..0]: Dead-time Insertion Generator x Enable 
Setting any of these bits enables the dead-time insertion generator for the corresponding output matrix. This will 
override the output matrix [x] and [k+WO_NUM/2], with the low side and high side waveform respectively. 


0: No dead-time insertion override. 
1: Dead time insertion override on signal outputs[x] and [x+WO_NUM/2], from matrix outputs[x] signal. 
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e Bits 7:2 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 1:0 - OTMX[1:0]: Output Matrix 
These bits define the matrix routing of the TCC waveform generation outputs to the port pins, according to Table 
29-4. 
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29.8.8 Driver Control 
Name: DRVCTRL 
Offset: 0x18 
Reset: 0x00000000 
Access: Read-Write 
Property: Enable-Protected, Write-Protected 


Bit 31 30 29 28 27 26 25 24 
FILTERVAL1[3:0] FILTERVALO[3:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
INVEN7 INVEN6 INVEN5 INVEN4 INVEN3 INVEN2 INVEN1 INVENO 

Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 

Bit 


15 14 13 12 11 10 9 8 
NRV7 NRV6 NRV5 NRV4 NRV3 NRV2 NRV1 NRVO 
R/W R/W R/W R/W R/W R/W R/W R/W 


Reset 0 0 0 0 0 0 0 0 


Access 


Bit 7 6 5 4 3 2 1 0 
NRE7 NRE6 NRES NRE4 NRE3 NRE2 NRE1 NREO 
R/W R/W R/W R/W R/W R/W R/W R/W 


Reset 0 0 0 0 0 0 0 0 


Access 


e = Bits 31:28 — FILTERVAL1[3:0]: Non-Recoverable Fault Input 1 Filter Value 
These bits define the filter value applied on TCEx event input line. This value must be 0 when TCEx event input 
line is configured as asynchronous event. 


e = Bits 27:24 — FILTERVALO[3:0]: Non-Recoverable Fault Input 0 Filter Value 
These bits define the filter value applied on TCEx event input line. This value must be 0 when TCEx event input 
line is configured as asynchronous event. 


e = Bits 23:16 — INVENx [x=7..0]: Output Waveform x Inversion 
These bits are used to select inversion on the output of channel x. 


Writing a one to INVENx inverts output from WO[x]. 
Writing a zero to INVENx disables inversion of output from WO[x]. 
These bits define the value of the enabled override outputs, under non-recoverable fault condition. 


e Bits 15:8 - NRVx [x=7..0]: Non-Recoverable State x Output Value 
These bits define the value of the enabled override outputs, under non-recoverable fault condition. 
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e Bits 7:0 - NREx [x=7..0]: Non-Recoverable State x Output Enable 
These bits enable the override of individual outputs by NRVx value, under non-recoverable fault condition. 


0: Non-recoverable fault tri-state the output. 
1: Non-recoverable faults set the output to NRV<x level. 
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29.8.9 Debug Control 


Name: DBGCTRL 
Offset: Ox1E 
Reset: 0x00 


Access: Read-Write 


Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 
ee ce 
Access R R R R R R/W R R/W 
Reset 0 0 0 0 0 0 0 0 
e Bits 7:3 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
e Bit 2-FDDBD: Fault Detection on Debug Break Detection 
This bit is not affected by software reset and should not be changed by software while the TCC is enabled. 
By default this bit is zero, the on-chip debug (OCD) fault protection is enabled. OCD break request from the OCD 
system will trigger non-recoverable fault. When this bit is set, OCD fault protection is disabled and OCD break 
request will not trigger a fault. 
0: No faults are generated when TCC is halted in debug mode. 
1: Anon recoverable fault is generated and DFS flag is set when TCC is halted in debug mode. 
e Bit 1 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
e Bit 0 - DBGRUN: Debug Running Mode 


Atmel 


This bit is not affected by software reset and should not be changed by software while the TCC is enabled. 
0: The TCC is halted when the device is halted in debug mode. 
1: The TCC continues normal operation when the device is halted in debug mode. 
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29.8.10 Event Control 
Name: EVCTRL 
Offset: 0x20 
Reset: 0x00000000 
Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
oe 

Access R R R R R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 23 22 21 20 19 18 17 16 
TO oe oe 

Access R R R R R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 15 14 13 12 11 10 9 8 
ee 

Access R/W R/W R/W R/W R R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


e Bits 31:28 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 27:24 —- MCEOx [x=3..0]: Match or Capture Channel x Event Output Enable 
These bits control if the Match/capture event on channel x is enabled and will be generated for every match or 
capture. 
0: Match/capture x event is disabled and will not be generated. 
1: Match/capture x event is enabled and will be generated for every compare/capture on channel x. 


e Bits 23:20 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 19:16 — MCEIx [x=3..0]: Match or Capture Channel x Event Input Enable 
These bits indicate if the Match/capture x incoming event is enabled 


These bits are used to enable match or capture input events to the CCx channel of TCC. 
0: Incoming events are disabled. 
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1: Incoming events are enabled. 


e = Bits 15:14 — TCEIx [x=1..0]: Timer/counter Event x Input Enable 
This bit is used to enable input event x to the TCC. 


0: Incoming event x is disabled. 
1: Incoming event x is enabled. 


e = Bits 13:12 — TCINVx [x=1..0]: Inverted Event x Input Enable 
This bit inverts the event x input. 
0: Input event source x is not inverted. 
1: Input event source x is inverted. 


e Bit 11 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


e Bit 10 - CNTEO: Timer/counter Output Event Enable 
This bit is used to enable the counter cycle event. When enabled, an event will be generated on begin or end of 
counter cycle depending of CNTSEL[1:0] settings. 
0: Counter cycle output event is disabled and will not be generated. 
1: Counter cycle output event is enabled and will be generated depend of CNTSEL[1:0] value. 


e Bit 9-TRGEO: Retrigger Output Event Enable 
This bit is used to enable the counter retrigger event. When enabled, an event will be generated when the counter 
retriggers operation. 
0: Counter retrigger event is disabled and will not be generated. 
1: Counter retrigger event is enabled and will be generated for every counter retrigger. 


e Bit 8 - OVFEO: Overflow/Underflow Output Event Enable 
This bit is used to enable the overflow/underflow event. When enabled, an event will be generated when the coun- 
ter reaches the TOP or the ZERO value. 


0: Overflow/underflow counter event is disabled and will not be generated. 
1: Overflow/underflow counter event is enabled and will be generated for every counter overflow/underflow. 


e Bits 7:6 - CNTSEL[1:0]: Timer/counter Output Event Mode 
These bits define on which part of the counter cycle the counter event output is generated. 


Table 29-24. Timer/counter Output Event Mode 











CNTSEL[1:0] Name Description 
0x0 START An interrupt/event is generated when a new counter cycle 
starts 
Ox1 END An interrupt/event is generated when a counter cycle ends 
Ox2 BETWEEN An interrupt/event is generated when a counter cycle ends, 
except for the first and last cycles 
0x3 BOUNDARY An interrupt/event is generated when a new counter cycle 


starts or a counter cycle ends 














e = Bits 5:3 - EVACT1[2:0]: Timer/counter Input Event1 Action 
These bits define the action the TCC will perform on TCCx EV1 event input, as shown in the table below. 
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Table 29-25. Timer/counter Input Event1 Action 

















EVACT1[2:0] Name Description 
0x0 OFF Event action disabled 
Ox1 RETRIGGER Re-trigger counter on event 
0x2 DIR Direction control 
0x3 STOP Stop counter on event 
0x4 DEC Decrement counter on event 





Period capture value in CCO register, pulse width capture 








ee tie value in CC1 register 

Ox6 Pwp Period capture value in CC1 register, pulse width capture 
value in CCO register 

Ox7 FAULT Non-recoverable fault 

















e Bits 2:0 - EVACTO0[2:0]: Timer/counter Input Event0 Action 
These bits define the action the TCC will perform on TCCx EVO event input 0, as shown in the table below. 


Table 29-26. Timer/counter Input Event0 Action 






































EVACTO[2:0] Name Description 
0x0 OFF Event action disabled 
Ox1 RETRIGGER Start, restart or re-trigger counter on event 
0x2 COUNTEV Count on event 
0x3 START Start counter on event 
0x4 INC Increment counter on event 
0x5 COUNT Count on active state of asynchronous event 
Ox6 Reserved 
0x7 FAULT Non-recoverable fault 
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29.8.11 Interrupt Enable Clear 
INTENCLR 

: 0x24 
0x00000000 

Ss: Read-Write 

Property: Write-Protected 


Name: 
Offset 
Reset: 


Acces 


Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 
Bit 23 22 21 20 19 18 17 16 
Ta oe oe 
Access R R R R R/W R/W R/W R/W 
Reset 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
ne = | | re | oo 
Access R R R R R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes in this register 
will also be reflected in the Interrupt Enable Set (INTENSET) register. 
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Bits 31:20 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bits 19:16 — MCx [x=3..0]: Match or Capture Channel x Interrupt Enable 

0: The Match or Capture Channel x interrupt is disabled. 

1: The Match or Capture Channel x interrupt is enabled. 

Writing a zero to MCx has no effect. 

Writing a one to MCx will clear the corresponding Match or Capture Channel x Interrupt Disable/Enable bit, which 
disables the Match or Capture Channel x interrupt. 


Bit 15 - FAULT1: Non-Recoverable Fault 1 Interrupt Enable 
0: The Non-Recoverable Fault 1 interrupt is disabled. 


1: The Non-Recoverable Fault 1 interrupt is enabled. 
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Writing a zero to this bit has no effect. 


Writing a one to this bit will clear the Non-Recoverable Fault 1 Interrupt Disable/Enable bit, which disables the 
Non-Recoverable Fault 1 interrupt. 


Bit 14 - FAULTO: Non-Recoverable Fault 0 Interrupt Enable 
0: The Non-Recoverable Fault 0 interrupt is disabled. 


1: The Non-Recoverable Fault 0 interrupt is enabled. 
Writing a zero to this bit has no effect. 


Writing a one to this bit will clear the Non-Recoverable Fault 0 Interrupt Disable/Enable bit, which disables the 
Non-Recoverable Fault 0 interrupt. 


Bit 13 - FAULTB: Recoverable Fault B Interrupt Enable 
0: The Recoverable Fault B interrupt is disabled. 


1: The Recoverable Fault B interrupt is enabled. 
Writing a zero to this bit has no effect. 


Writing a one to this bit will clear the Recoverable Fault B Interrupt Disable/Enable bit, which disables the Recover- 
able Fault B interrupt. 


Bit 12 - FAULTA: Recoverable Fault A Interrupt Enable 
0: The Recoverable Fault A interrupt is disabled. 


1: The Recoverable Fault A interrupt is enabled. 
Writing a zero to this bit has no effect. 


Writing a one to this bit will clear the Recoverable Fault A Interrupt Disable/Enable bit, which disables the Recover- 
able Fault A interrupt. 


Bit 11 - DFS: Non-Recoverable Debug Fault Interrupt Enable 
0: The Debug Fault State interrupt is disabled. 


1: The Debug Fault State interrupt is enabled. 
Writing a zero to this bit has no effect. 


Writing a one to this bit will clear the Debug Fault State Interrupt Disable/Enable bit, which disables the Debug 
Fault State interrupt. 


Bits 10:4 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bit 3 — ERR: Error Interrupt Enable 
0: The Error interrupt is disabled. 


1: The Error interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Error Interrupt Disable/Enable bit, which disables the Error interrupt. 


Bit 2 — CNT: Counter Interrupt Enable 
0: The Counter interrupt is disabled. 


1: The Counter interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Counter Interrupt Disable/Enable bit, which disables the Counter interrupt. 


Bit 1 —- TRG: Retrigger Interrupt Enable 
0: The Retrigger interrupt is disabled. 


1: The Retrigger interrupt is enabled. 
Writing a zero to this bit has no effect. 
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Writing a one to this bit will clear the Retrigger Interrupt Disable/Enable bit, which disables the Retrigger interrupt. 


e Bit 0 —- OVF: Overflow Interrupt Enable 
0: The Overflow interrupt is disabled. 


1: The Overflow interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Overflow Interrupt Disable/Enable bit, which disables the Overflow interrupt. 
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29.8.12 Interrupt Enable Set 
Name: INTENSET 
Offset: 0x28 
Reset: 0x00000000 
Access: Read-Write 


Property: Write-Protected 


Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 
Bit 23 22 21 20 19 18 17 16 
Ta oe oe 
Access R R R R R/W R/W R/W R/W 
Reset 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
ne = | | re | oo 
Access R R R R R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes in this register 
will also be reflected in the Interrupt Enable Clear (INTENCLR) register. 
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Bits 31:20 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bits 19:16 — MCx [x=3..0]: Match or Capture Channel x Interrupt Enable 
0: The Match or Capture Channel x interrupt is disabled. 


1: The Match or Capture Channel x interrupt is enabled. 
Writing a zero to MCx has no effect. 


Writing a one to MCx will set the corresponding Match or Capture Channel x Interrupt Disable/Enable bit, which 
enables the Match or Capture Channel x interrupt. 


Bit 15 - FAULT1: Non-Recoverable Fault 1 Interrupt Enable 
0: The Non-Recoverable Fault 1 interrupt is disabled. 


1: The Non-Recoverable Fault 1 interrupt is enabled. 
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Writing a zero to this bit has no effect. 


Writing a one to this bit will set the Non-Recoverable Fault 1 Interrupt Disable/Enable bit, which enables the Non- 
Recoverable Fault 1 interrupt. 


Bit 14 —- FAULTO: Non-Recoverable Fault 0 Interrupt Enable 
0: The Non-Recoverable Fault 0 interrupt is disabled. 


1: The Non-Recoverable Fault 0 interrupt is enabled. 
Writing a zero to this bit has no effect. 


Writing a one to this bit will set the Non-Recoverable Fault 0 Interrupt Disable/Enable bit, which enables the Non- 
Recoverable Fault 0 interrupt. 


Bit 13 - FAULTB: Recoverable Fault B Interrupt Enable 
0: The Recoverable Fault B interrupt is disabled. 


1: The Recoverable Fault B interrupt is enabled. 
Writing a zero to this bit has no effect. 


Writing a one to this bit will set the Recoverable Fault B Interrupt Disable/Enable bit, which enables the Recover- 
able Fault B interrupt. 


Bit 12 - FAULTA: Recoverable Fault A Interrupt Enable 
0: The Recoverable Fault A interrupt is disabled. 


1: The Recoverable Fault A interrupt is enabled. 
Writing a zero to this bit has no effect. 


Writing a one to this bit will set the Recoverable Fault A Interrupt Disable/Enable bit, which enables the Recover- 
able Fault A interrupt. 


Bit 11 - DFS: Non-Recoverable Debug Fault Interrupt Enable 
0: The Debug Fault State interrupt is disabled. 


1: The Debug Fault State interrupt is enabled. 
Writing a zero to this bit has no effect. 


Writing a one to this bit will set the Debug Fault State Interrupt Disable/Enable bit, which enables the Debug Fault 
State interrupt. 


Bits 10:4 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bit 3 — ERR: Error Interrupt Enable 
0: The Error interrupt is disabled. 


1: The Error interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Error Interrupt Disable/Enable bit, which enables the Error interrupt. 


Bit 2 — CNT: Counter Interrupt Enable 
0: The Counter interrupt is disabled. 


1: The Counter interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Retrigger Interrupt Disable/Enable bit, which enables the Counter interrupt. 


Bit 1 —- TRG: Retrigger Interrupt Enable 
0: The Retrigger interrupt is disabled. 


1: The Retrigger interrupt is enabled. 
Writing a zero to this bit has no effect. 
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Writing a one to this bit will set the Retrigger Interrupt Disable/Enable bit, which enables the Retrigger interrupt. 


e Bit 0 —- OVF: Overflow Interrupt Enable 
0: The Overflow interrupt is disabled. 


1: The Overflow interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Overflow Interrupt Disable/Enable bit, which enables the Overflow interrupt. 
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29.8.13 Interrupt Flag Status and Clear 
Name: INTFLAG 
Offset: 0x2C 
Reset: 0x00000000 


Access: Read-Write 


Property: - 


Bit 31 30 29 28 27 26 25 24 


a 
a 
a 
a 
a 
a 
a 
a 


Access 

Reset 

Bit 23 22 21 20 19 18 17 16 
a A 

Access R R R R R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 15 14 13 12 11 10 9 8 
Teor [roe [rue Tow [oe To 

Access R/W R/W R/W R/W R/W R R R 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 
nee = | | ee | | 

Access R R R R R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


e Bits 31:20 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 19:16 — MCx [x=3..0]: Match or Capture x 
This flag is set on the next CLK_TCC_COUNT cycle after a match with the compare condition or once CCx regis- 
ter contain a valid capture value. 


Writing a zero to one of these bits has no effect. 
Writing a one to one of these bits will clear the corresponding Match or Capture Channel x interrupt flag 
In Capture operation, this flag is automatically cleared when CCx register is read. 


e Bit 15 - FAULT1: Non-Recoverable Fault 1 
This flag is set on the next CLK_TCC_COUNT cycle after a Non-Recoverable Fault 1 occurs. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Non-Recoverable Fault 1 interrupt flag. 
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e Bit 14- FAULTO: Non-Recoverable Fault 0 
This flag is set on the next CLK_TCC_COUNT cycle after a Non-Recoverable Fault 0 occurs. 
Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Non-Recoverable Fault 0 interrupt flag. 


e Bit 13 - FAULTB: Recoverable Fault B 
This flag is set on the next CLK_TCC_COUNT cycle after a Recoverable Fault B occurs. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Recoverable Fault B interrupt flag. 


e Bit 12 - FAULTA: Recoverable Fault A 
This flag is set on the next CLK_TCC_COUNT cycle after a Recoverable Fault A occurs. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Recoverable Fault A interrupt flag. 


e Bit 11- DFS: Non-Recoverable Debug Fault 
This flag is set on the next CLK_TCC_COUNT cycle after an Debug Fault State occurs. 
Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Debug Fault State interrupt flag. 


e Bits 10:4 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 3- ERR: Error 
This flag is set ifa new capture occurs on a channel when the corresponding Match or Capture Channel x interrupt 
flag is one. In which case there is nowhere to store the new capture. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Error interrupt flag. 


e Bit 2 - CNT: Counter 
This flag is set on the next CLK_TCC_COUNT cycle after a counter event occurs. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the CNT interrupt flag. 


e Bit 1- TRG: Retrigger 
This flag is set on the next CLK_TCC_COUNT cycle after a counter retrigger occurs. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Retrigger interrupt flag. 


e = Bit 0 - OVF: Overflow 
This flag is set on the next CLK_TCC_COUNT cycle after an overflow condition occurs. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Overflow interrupt flag. 
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29.8.14 Status 
Name: 
Offset: 
Reset: 
Access: 
Property: 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


STATUS 
0x30 
0x00000001 
Read-Write 


31 30 29 28 27 26 25 24 
A 
R R R R R R R R 
23 22 21 20 19 18 17 16 
a A 
R R R R R/W R/W R/W R/W 

0 0 0 0 


15 14 13 12 11 10 9 8 
FAULT1 FAULTO FAULTB FAULTA FAULT1IN FAULTOIN FAULTBIN FAULTAIN 
R/W R/W R/W R/W R R R R 


0 0 0 0 0 0 0 0 
7 6 5 4 3 2 1 0 
R/W R/W R/W R R/W R R R 
0 0 0 0 0 0 0 1 


e Bits 31:28 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 27:24 — CMPx [x=3..0]: Compare Channel x Value 
This bit reflects the channel x output compare value. 


0: Channel compare output value is 0. 
1: Channel compare output value is 1. 


e Bits 23:20 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 19:16 - CCBVx [x=3..0]: Compare Channel x Buffer Valid 


For 


a compare channel, the bit is set when a new value is written to the corresponding CCBx register. The bit is 


cleared by writing a one to the corresponding location or automatically cleared on an UPDATE condition. 


For 


a capture channel, the bit is set when a valid capture value is stored in the CCBx register. The bit is automati- 


cally cleared when the CCx register is read. 


Atmel 


Atmel | SMART SAM D11 [DATASHEET] 682 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





Atmel 


Bit 15 - FAULT1: Non-Recoverable Fault 1 State 

This bit is set by hardware as soon as non-recoverable Fault 1 condition occurs. 

This bit is cleared by writing a one to this bit and when the corresponding FAULT 1IN status bit is low. 

Once this bit is clear, the timer/counter will restart from the last COUNT value. To restart the timer/counter from 
BOTTOM, the timer/counter restart command must be executed before clearing the corresponding FAULT1 bit. 
For further details on timer/counter commands, refer to available commands description (CTRLBSET.CMD). 


Bit 14 - FAULTO: Non-Recoverable Fault 0 State 

This bit is set by hardware as soon as non-recoverable Fault 0 condition occurs. 

This bit is cleared by writing a one to this bit and when the corresponding FAULTOIN status bit is low. 

Once this bit is clear, the timer/counter will restart from the last COUNT value. To restart the timer/counter from 
BOTTOM, the timer/counter restart command must be executed before clearing the corresponding FAULT0 bit. 
For further details on timer/counter commands, refer to available commands description (CTRLBSET.CMD). 


Bit 13 - FAULTB: Recoverable Fault B State 

This bit is set by hardware as soon as recoverable Fault B condition occurs. 

This bit is cleared by hardware when Fault B action is resumed, or by writing a one to this bit when the correspond- 
ing FAULTBIN bit is low. If software halt command is enabled (FCTRLB.HALT=SW), clearing this bit release the 
timer/counter. 


Bit 12 - FAULTA: Recoverable Fault A State 

This bit is set by hardware as soon as recoverable Fault A condition occurs. 

This bit is cleared by hardware when Fault A action is resumed, or by writing a one to this bit when the correspond- 
ing FAULTAIN bit is low. If software halt command is enabled (FCTRLA.HALT=SW), clearing this bit release the 
timer/counter. 


Bit 11 - FAULT1IN: Non-Recoverable Fault1 Input 
This bit is set while an active Non-Recoverable Fault 1 input is present. 


Bit 10 - FAULTOIN: Non-Recoverable Fault0 Input 
This bit is set while an active Non-Recoverable Fault 0 input is present. 


Bit 9 - FAULTBIN: Recoverable Fault B Input 
This bit is set while an active Recoverable Fault B input is present. 


Bit 8 - FAULTAIN: Recoverable Fault A Input 
This bit is set while an active Recoverable Fault A input is present. 


Bit 7 - PERBV: Period Buffer Valid 
This bit is set when a new value is written to the PERB register. This bit is automatically cleared by hardware on 
UPDATE condition or by writing a one to this bit. 


Bit 6 - WAVEBV: Wave Buffer Valid 
This bit is set when a new value is written to the WAVEB register. This bit is automatically cleared by hardware on 
UPDATE condition or by writing a one to this bit. 


Bit 5 - PATTBV: Pattern Buffer Valid 
This bit is set when a new value is written to the PATTB register. This bit is automatically cleared by hardware on 
UPDATE condition or by writing a one to this bit. 


Bit 4 — SLAVE: Slave 
Tis bit is set when TCC is set in Slave mode. This bit follows the CTRLA.MSYNC bit state. 


Bit 3 - DFS: Non-Recoverable Debug Fault State 
This bit is set by hardware in debug mode when DBGCTRL.FDDBD bit is set. The bit is cleared by writing a one to 
this bit and when the TCC is not in debug mode. 
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When the bit is set, the counter is halted and the waveforms state depend on DRVCTRL.NRE and DRVCTRL.NRV 
registers. 


e Bit 2 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


e Bit 1-IDX: Ramp 
In RAMP2 and RAMP2A operation, the bit is cleared during the cycle A and set during the cycle B. In RAMP1 
operation, the bit is always read zero. For details on ramp operations, refer to “Ramp Operations” on page 633. 


e Bit 0-—STOP: Stop 
This bit is set when the TCC is disabled, on a STOP command or on an UPDATE condition when One-Shot oper- 
ation mode is enabled (CTRLBSET.ONESHOT = 1). 


This bit is clear on the next incoming counter increment or decrement. 
0: Counter is running. 
1: Counter is stopped. 
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29.8.15 Count 
Name: COUNT 
Offset: 0x34 
Reset: 0x00000000 


Access: Read-Write 


Property: Read-Synchronized, Write-Protected, Write-Synchronized 


Bit 31 30 29 28 27 26 25 24 

Access R R R R R R R R 

Reset 0 0 0 0 0 0 0 0 

Bit 23 22 21 20 19 18 17 16 
COUNT[23:16] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 15 14 13 12 11 10 9 8 
COUNT[15:8] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 

COUNT[7:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:24 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 23:0 - COUNT[23:0]: Counter Value 
These bits hold the value of the counter register. 


The number of bits in this field corresponds to the size of the counter. 
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29.8.15.1 DITH4 mode 
Name: COUNT 
Offset: 0x34 
Reset: 0x00000000 
Access: Read-Write 


Property: Read-Synchronized, Write-Protected, Write-Synchronized 


Bit 31 30 29 28 27 26 25 24 

Access R R R R R R R R 

Reset 

Bit 23 22 21 20 19 18 17 16 
COUNT[19:12] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 15 14 13 12 11 10 9 8 
COUNT[11:4] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 

Access R/W R/W R/W R/W R R R R 

Reset 0 0 0 0 0 0 0 0 


e Bits 31:24 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 23:4 - COUNT[19:0]: Counter Value 
These bits hold the value of the counter register. 


The number of bits in this field corresponds to the size of the counter. 


e Bits 3:0 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
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29.8.15.2 DITH5 mode 
Name: COUNT 
Offset: 0x34 
Reset: 0x00000000 
Access: Read-Write 


Property: Read-Synchronized, Write-Protected, Write-Synchronized 


Bit 31 30 29 28 27 26 25 24 

Access R R R R R R R R 

Reset 

Bit 23 22 21 20 19 18 17 16 
COUNT[18:11] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 15 14 13 12 11 10 9 8 
COUNT[10:3] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 

Access R/W R/W R/W R R R R R 

Reset 0 0 0 0 0 0 0 0 


e Bits 31:24 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 23:5 - COUNT[18:0]: Counter Value 
These bits hold the value of the counter register. 


The number of bits in this field corresponds to the size of the counter. 


e Bits 4:0 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
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29.8.15.3 DITH6 mode 
Name: COUNT 
Offset: 0x34 
Reset: 0x00000000 
Access: Read-Write 


Property: Read-Synchronized, Write-Protected, Write-Synchronized 


Bit 31 30 29 28 27 26 25 24 


a 
a 
a 
a 
a 
a 
a 
a 


Access 
Reset 
Bit 23 22 21 20 19 18 17 16 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
| cous 
Access R/W R/W R R R R R R 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:24 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 23:6 - COUNT[17:0]: Counter Value 
These bits hold the value of the counter register. 


The number of bits in this field corresponds to the size of the counter. 


e Bits 5:0 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
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29.8.16 Pattern 
Name: PATT 
Offset: 0x38 
Reset: 0x0000 
Access: Read-Write 
Property: Write-Synchronized 


Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e = Bits 15:8 - PGVx [x=7..0]: Pattern Generator x Output Value 
This register holds the values of pattern for each waveform output. 


e Bits 7:0 - PGEx [x=7..0]: Pattern Generator x Output Enable 
This register holds the enables of pattern generation for each waveform output. A bit position at one, overrides the 
corresponding SWAP output with the corresponding PGVx value. 


Atmel | SMART SAM D11 [DATASHEET 689 
Atmel | 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





29.8.17 Waveform Control 
Name: WAVE 
Offset: 0x3C 
Reset: 0x00000000 


Access: Read-Write 


Property: Write-Synchronized 


Bit 31 30 29 28 27 26 25 24 
oe 

Access R R R R R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 23 22 21 20 19 18 17 16 
cll ER 

Access R R R R R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 15 14 13 12 11 10 9 8 
i 

Access R R R R R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 
os 

Access R/W R R/W R/W R R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


e Bits 31:28 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 27:24 — SWAPx [x=3..0]: Swap DTI Output Pair x 
Setting these bits enables output swap of DTI outputs [x] and [kx+WO_NUM/2]. Note the DTIXEN settings will not 
affect the swap operation. 


e Bits 23:20 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 19:16 — POLx [x=3..0]: Channel x Polarity 
Setting these bits enable the output polarity in single-slope and dual-slope PWM operations. 
In single-slope PWM waveform generation: 
0: Compare output is initialized to ~DIR and set to DIR when TCC counter matches CCx value 
1: Compare output is initialized to DIR and set to ~DIR when TCC counter matches CCx value. 
In dual-slope PWM waveform generation: 
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0: Compare output is set to ~DIR when TCC counter matches CCx value 
1: Compare output is set to DIR when TCC counter matches CCx value. 


Bits 15:12 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bits 11:8 — CICCENx [x=3..0]: Circular Channel x Enable 
Setting these bits enable the compare circular buffer option on channel. When the bit is set, CCx register value is 
copied-back into the CCx register on UPDATE condition. 


Bit 7 —- CIPEREN: Circular period Enable 
Setting these bits enable the period circular buffer option. When the bit field is set, the PER register value is cop- 
ied-back into the PERB register on UPDATE condition. 


Bit 6 — Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bits 5:4 - RAMP[1:0]: Ramp Mode 
These bits select Ramp operation (RAMP), as shown in the table below. These bits are not synchronized. 


Table 29-27. Ramp Mode 














RAMP{[1:0] Name Description 
0x0 RAMP'1 RAMP'1 operation 
0x1 RAMP2A Alternative RAMP2 operation 
0x2 RAMP2 RAMP2 operation 
0x3 RAMP2C Critical RAMP2 operation 














Bit 3 — Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bits 2:0 - WAVEGEN[2:0]: Waveform Generation 
These bits select the waveform generation operation, as shown in the table below. The settings impact the top 
value and select the frequency/PWM mode. These bits are not synchronized. 


Table 29-28. Waveform Generation 





WAVEGEN[2:0] Name Description 
0x0 NFRQ Normal frequency 
0x1 MFRQ Match frequency 





0x2 NPWM Normal PWM 





0x3 Reserved 

















0x4 DSCRITICAL Dual-slope critical 
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WAVEGEN2:0] 


Name 


Description 


Dual-slope with interrupt/event condition when COUNT 











0x5 DSBOTTOM reaches ZERO 

Dual-slope with interrupt/event condition when COUNT 
OS BSeOtH reaches ZERO or TOP 
Ox7 DSTOP Dual-slope with interrupt/event condition when COUNT 








reaches TOP 
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29.8.18 Period 


Name: PER 
Offset: 0x40 
Reset: OxFFFFFFFF 


Access: Read-Write 
Property: Write-Synchronized 


Bit 31 30 29 28 27 26 25 24 

Access R R R R R R R R 

Reset 0 0 0 0 0 0 0 0 

Bit 23 22 21 20 19 18 17 16 
PER[23:16] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 1 1 1 1 1 1 1 1 

Bit 15 14 13 12 11 10 9 8 
PER[15:8] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 1 1 1 1 1 1 1 1 

Bit 7 6 5 4 3 2 1 0 

PER[7:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 


Reset 1 1 1 1 1 1 1 1 


e Bits 31:24 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 23:0 — PER[23:0]: Period Value 
These bits hold the value of the period buffer register. The value is copied to PER register on UPDATE condition. 


The number of bits in this field corresponds to the size of the counter. 
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29.8.18.1 DITH4 mode 


Name: PER 
Offset: 0x40 
Reset: OxFFFFFFFF 


Access: Read-Write 


Property: Write-Synchronized 


Bit 31 30 29 28 27 26 25 24 

Access R R R R R R R R 

Reset 0 0 0 0 0 0 0 0 

Bit 23 22 21 20 19 18 17 16 
PER[19:12] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 1 1 1 1 1 1 1 1 

Bit 15 14 13 12 11 10 9 8 
PER[11:4] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 1 1 1 1 1 1 1 1 

Bit 7 6 5 4 3 2 1 0 

PER[3:0] DITHERCY{[3:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 


Reset 1 1 1 1 1 1 1 1 


e Bits 31:24 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 23:4 —- PER[19:0]: Period Value 
These bits hold the value of the period buffer register. The value is copied to PER register on UPDATE condition. 


The number of bits in this field corresponds to the size of the counter. 


e Bits 3:0 - DITHERCY[3:0]: Dithering Cycle Number 
These bits hold the number of extra cycles that are added on the PWM period each number of frames as specified 
in Table 29-9 on page 653. 
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29.8.18.2 DITH5 mode 


Name: PER 
Offset: 0x40 
Reset: OxFFFFFFFF 


Access: Read-Write 


Property: Write-Synchronized 


Bit 31 30 29 28 27 26 25 24 

Access R R R R R R R R 

Reset 0 0 0 0 0 0 0 0 

Bit 23 22 21 20 19 18 17 16 
PER[18:11] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 1 1 1 1 1 1 1 1 

Bit 15 14 13 12 11 10 9 8 
PER[10:3] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 1 1 1 1 1 1 1 1 

Bit 7 6 5 4 3 2 1 0 

PER[2:0] DITHERCY[4:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 


Reset 1 1 1 1 1 1 1 1 


e Bits 31:24 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 23:5 - PER[18:0]: Period Value 
These bits hold the value of the period buffer register. The value is copied to PER register on UPDATE condition. 


The number of bits in this field corresponds to the size of the counter. 


e Bits 4:0 - DITHERCY[4:0]: Dithering Cycle Number 
These bits hold the number of extra cycles that are added on the PWM period each number of frames as specified 
in Table 29-9 on page 653. 
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29.8.18.3 DITH6 mode 


Name: PER 
Offset: 0x40 
Reset: OxFFFFFFFF 


Access: Read-Write 


Property: Write-Synchronized 


Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
PER[17:10] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 1 1 1 1 1 1 1 1 
Bit 15 14 13 12 11 10 9 8 
PER[9:2] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 1 1 1 1 1 1 1 1 
Bit 7 6 5 4 3 2 1 0 
PER[1:0] DITHERCY[5:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 


Reset 1 1 1 1 1 1 1 1 


e Bits 31:24 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 23:6 —- PER[17:0]: Period Value 
These bits hold the value of the period buffer register. The value is copied to PER register on UPDATE condition. 


The number of bits in this field corresponds to the size of the counter. 


e Bits 5:0 - DITHERCY[5:0]: Dithering Cycle Number 
These bits hold the number of extra cycles that are added on the PWM period each number of frames as specified 
in Table 29-9 on page 653. 
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29.8.19 Compare and Capture 
Name: CCn 
Offset: 0x44+n*0x4 [n=0..3] 
Reset: 0x00000000 


Access: Read-Write 


Property: - 

Bit 31 30 29 28 27 26 25 24 

Access R R R R R R R R 

Reset 0 0 0 0 0 0 0 0 

Bit 23 22 21 20 19 18 17 16 
CC[23:16] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 15 14 13 12 11 10 9 8 
CC[15:8] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 

CC[7:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:24 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 23:0 —- CC[23:0]: Channel Compare/Capture Value 
These bits hold the value of the Channel x compare/capture register. 


The number of bits in this field corresponds to the size of the counter. 
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29.8.19.1 DITH4 mode 
Name: CCn 
Offset: 0x44+n*0x4 [n=0..3] 
Reset: 0x00000000 
Access: Read-Write 


Property: - 

Bit 31 30 29 28 27 26 25 24 

Access R R R R R R R R 

Reset 0 0 0 0 0 0 0 0 

Bit 23 22 21 20 19 18 17 16 
CC[19:12] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 15 14 13 12 11 10 9 8 
CC[11:4] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 

CC[3:0] DITHERCY[3:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:24 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 23:4 - CC[19:0]: Channel Compare/Capture Value 
These bits hold the value of the Channel x compare/capture register. 


The number of bits in this field corresponds to the size of the counter. 


e Bits 3:0 - DITHERCY[3:0]: Dithering Cycle Number 
These bits hold the number of extra cycles that are added on the PWM pulse width each number of frames as 
specified in Table 29-9 on page 653. 
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29.8.19.2 DITH5 mode 
Name: CCn 
Offset: 0x44+n*0x4 [n=0..3] 
Reset: 0x00000000 
Access: Read-Write 


Property: - 

Bit 31 30 29 28 27 26 25 24 

Access R R R R R R R R 

Reset 0 0 0 0 0 0 0 0 

Bit 23 22 21 20 19 18 17 16 
CC[18:11] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 15 14 13 12 11 10 9 8 
CC[10:3] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 

CC[2:0] DITHERCY[4:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:24 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 23:5 - CC[18:0]: Channel Compare/Capture Value 
These bits hold the value of the Channel x compare/capture register. 


The number of bits in this field corresponds to the size of the counter. 


e Bits 4:0 - DITHERCY[4:0]: Dithering Cycle Number 
These bits hold the number of extra cycles that are added on the PWM pulse width each number of frames as 
specified in Table 29-9 on page 653. 
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29.8.19.3 DITH6 mode 
Name: CCn 
Offset: 0x44+n*0x4 [n=0..3] 
Reset: 0x00000000 
Access: Read-Write 


Property: - 
Bit 31 30 29 28 27 26 25 24 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
CC[17:10] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
CC[9:2] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
CC[1:0] DITHERCY[5:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:24 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 23:6 —- CC[17:0]: Channel Compare/Capture Value 
These bits hold the value of the Channel x compare/capture register. 


The number of bits in this field corresponds to the size of the counter. 


e Bits 5:0 - DITHERCY[5:0]: Dithering Cycle Number 
These bits hold the number of extra cycles that are added on the PWM pulse width each number of frames as 
specified in Table 29-9 on page 653. 
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29.8.20 Pattern Buffer 
Name: PATTB 
Offset: 0x64 
Reset: 0x0000 
Access: Read-Write 
Property: - 


15 14 13 12 11 10 9 8 
PGVB7 PGVB6 PGVB5 PGVB4 PGVB3 PGVB2 PGVB1 PGVBO 
R/W R/W R/W R/W R/W R/W R/W R/W 


Bit 


Access 

Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 15:8 - PGVBx [x=7..0]: Pattern Generator x Output Enable 
These bits represent the PGV buffers. When the double buffering is enable, PGVB bits value is copied to the PGV 
bits on an UPDATE condition. 


e Bits 7:0 - PGEBx [x=7..0]: Pattern Generator x Output Enable Buffer 
These bits represent the PGE buffers. When the double buffering is enable, PGEB bits value is copied to the PGE 
bits on an UPDATE condition. 
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29.8.21 Waveform Control Buffer 
WAVEB 

0x68 
0x00000000 
Read-Write 


Name: 
Offset: 
Reset: 
Access: 
Property: 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


Bit 


Access 


Reset 


31 30 29 28 27 26 25 24 
R R R R R/W R/W R/W R/W 


0 0 0 0 0 0 0 0 
23 22 21 20 19 18 17 16 
R R R R R/W R/W R/W R/W 
0 0 0 0 0 0 0 0 


15 14 13 12 11 10 9 8 
R R R R R/W R/W R/W R/W 


0 0 0 0 0 0 0 0 
7 6 5 4 3 2 1 0 
CIPERENB |] RAMPB[1:0] [| WAVEGENB[2:0] 
R/W R R/W R/W R R/W R/W R/W 
0 0 0 0 0 0 0 0 


e = Bits 31:28 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 27:24 - SWAPBx [x=3..0]: Swap DTI Output Pair x Buffer 
These bits represent the SWAP buffers. When the double buffering is enable, SWAPB bits value is copied to the 
SWAP bits on an UPDATE condition. 


e Bits 23:20 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 19:16 —- POLBx [x=3..0]: Channel x Polarity Buffer 
These bits represent the POL buffers. When the double buffering is enable, POLB bits value is copied to the POL 
bits on an UPDATE condition. 


e Bits 15:12 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
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Bits 11:8 — CICCENBx [x=3..0]: Circular Channel x Enable Buffer 
These bits represent the CICCEN buffers. When the double buffering is enable, CICCENB bits value is copied to 
the CICCEN bits on an UPDATE condition. 


Bit 7 - CIPERENB: Circular Period Enable Buffer 
This bit represents the CIPEREN buffer. When the double buffering is enable, CIPERENB bit value is copied to the 
CIPEREN bit on an UPDATE condition. 


Bit 6 —- Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bits 5:4 - RAMPB[1:0]: Ramp Mode Buffer 
These bits represent the RAMP buffers. When the double buffering is enable, RAMPB bits value is copied to the 
RAMP bits on an UPDATE condition. 


Table 29-29. Ramp Mode Buffer 














RAMPB[1:0] Name Description 
0x0 RAMP'1 RAMP'1 operation 
0x1 RAMP2A Alternative RAMP2 operation 
0x2 RAMP2 RAMP2 operation 
0x3 Reserved 














Bit 3 — Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bits 2:0 - WAVEGENB[2:0]: Waveform Generation Buffer 
These bits represent the WAVEGEN buffers. When the double buffering is enable, WAVEGENB bits value is cop- 
ied to the WAVEGEN bits on an UPDATE condition. 


Table 29-30. Waveform Generation Buffer 
































WAVEGENB[2:0] Name Description 

0x0 NFRQ Normal frequency 

0x1 MFRQ Match frequency 

0x2 NPWM Normal PWM 

0x3 Reserved 

0x4 DSCRITICAL Dual-slope critical 

Ox5 DSBOTTOM Dual-slope with interrupt/event condition when COUNT 
reaches ZERO 
Dual-slope with interrupt/event condition when COUNT 

OS Boece reaches ZERO or TOP 

Ox7 DSTOP Dual-slope with interrupt/event condition when COUNT 
reaches TOP 
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29.8.22 Period Buffer 


Name: PERB 

Offset: Ox6C 

Reset: OxFFFFFFFF 

Access: Read-Write 

Property: - 
Bit 31 30 29 28 27 26 25 24 

a ee ee 

Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 1 1 1 1 1 1 1 1 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 1 1 1 1 1 1 1 1 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 


Reset 1 1 1 1 1 1 1 1 


e Bits 31:24 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 23:0 - PERB[23:0]: Period Buffer Value 
These bits hold the value of the period register. 
The number of bits in this field corresponds to the size of the counter. 
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29.8.22.1 DITH4 mode 


Name: PERB 

Offset: Ox6C 

Reset: OxFFFFFFFF 

Access: Read-Write 

Property: - 
Bit 31 30 29 28 27 26 25 24 

SS SS SS See See 

Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 1 1 1 1 1 1 1 1 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 1 1 1 1 1 1 1 1 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 


Reset 1 1 1 1 1 1 1 1 


e Bits 31:24 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 23:4 - PERB[19:0]: Period Buffer Value 
These bits hold the value of the period register. 
The number of bits in this field corresponds to the size of the counter. 


e Bits 3:0 - DITHERCYB[3:0]: Dithering Buffer Cycle Number 
These bits represent the PER.DITHERCY bits buffer. When the double buffering is enable, DITHERCYB bits value 
is copied to the PER.DITHERCY bits on an UPDATE condition. 
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29.8.22.2 DITH5 mode 


Name: PERB 

Offset: Ox6C 

Reset: OxFFFFFFFF 

Access: Read-Write 

Property: - 
Bit 31 30 29 28 27 26 25 24 

SS SS SS See See 

Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 1 1 1 1 1 1 1 1 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 1 1 1 1 1 1 1 1 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 


Reset 1 1 1 1 1 1 1 1 


e Bits 31:24 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 23:5 - PERB[18:0]: Period Buffer Value 
These bits hold the value of the period register. 
The number of bits in this field corresponds to the size of the counter. 


e Bits 4:0 - DITHERCYB[4:0]: Dithering Buffer Cycle Number 
These bits represent the PER.DITHERCY bits buffer. When the double buffering is enable, DITHERCYB bits value 
is copied to the PER.DITHERCY bits on an UPDATE condition. 


Atmel | SMART SAM D11 [DATASHEET 706 
Atmel | 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





29.8.22.3 DITH6 mode 


Name: PERB 

Offset: Ox6C 

Reset: OxFFFFFFFF 

Access: Read-Write 

Property: - 
Bit 31 30 29 28 27 26 25 24 

SS SS SS See See 

Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 1 1 1 1 1 1 1 1 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 1 1 1 1 1 1 1 1 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 


Reset 1 1 1 1 1 1 1 1 


e Bits 31:24 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 23:6 - PERB[17:0]: Period Buffer Value 
These bits hold the value of the period register. 
The number of bits in this field corresponds to the size of the counter. 


e Bits 5:0 - DITHERCYBJ[5:0]: Dithering Buffer Cycle Number 
These bits represent the PER.DITHERCY bits buffer. When the double buffering is enable, DITHERCYB bits value 
is copied to the PER.DITHERCY bits on an UPDATE condition. 
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29.8.23 Compare and Capture Buffer 
Name: CCBn 
Offset: 0x70+n*0x4 [n=0..3] 
Reset: 0x00000000 


Access: Read-Write 


Property: - 

Bit 31 30 29 28 27 26 25 24 

Access R R R R R R R R 

Reset 0 0 0 0 0 0 0 0 

Bit 23 22 21 20 19 18 17 16 
CCB[23:16] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 15 14 13 12 11 10 9 8 
CCB[15:8] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 

CCB[7:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:24 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 23:0 - CCB[23:0]: Channel Compare/Capture Buffer Value 
These bits hold the value of the channel x compare/capture buffer register. The register serves as the buffer for the 
associated compare or capture registers (CCx). Accessing this register using the CPU or DMA will affect the corre- 
sponding CCBVx status bit. 


The number of bits in this field corresponds to the size of the counter. 
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29.8.23.1 DITH4 mode 
Name: CCBn 
Offset: 0x70+n*0x4 [n=0..3] 
Reset: 0x00000000 
Access: Read-Write 


Property:  - 

Bit 31 30 29 28 27 26 25 24 

Access R R R R R R R R 

Reset 0 0 0 0 0 0 0 0 

Bit 23 22 21 20 19 18 17 16 
CCB[19:12] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 15 14 13 12 11 10 9 8 
CCB[11:4] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 

CCB[3:0] DITHERCYBJ3:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:24 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 23:4 - CCB[19:0]: Channel Compare/Capture Buffer Value 
These bits hold the value of the channel x compare/capture buffer register. The register serves as the buffer for the 
associated compare or capture registers (CCx). Accessing this register using the CPU or DMA will affect the corre- 
sponding CCBVx status bit. 


The number of bits in this field corresponds to the size of the counter. 
e Bits 3:0 - DITHERCYB[3:0]: Dithering Buffer Cycle Number 


These bits represent the CCx.DITHERCY bits buffer. When the double buffering is enable, DITHERCYB bits value 
is copied to the CCx.DITHERCY bits on an UPDATE condition. 
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29.8.23.2 DITH5 mode 
Name: CCBn 
Offset: 0x70+n*0x4 [n=0..3] 
Reset: 0x00000000 
Access: Read-Write 


Property:  - 

Bit 31 30 29 28 27 26 25 24 

Access R R R R R R R R 

Reset 0 0 0 0 0 0 0 0 

Bit 23 22 21 20 19 18 17 16 
CCB[18:11] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 15 14 13 12 11 10 9 8 
CCB[10:3] 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 

CCB[2:0] DITHERCYB[4:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:24 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 23:5 - CCB[18:0]: Channel Compare/Capture Buffer Value 
These bits hold the value of the channel x compare/capture buffer register. The register serves as the buffer for the 
associated compare or capture registers (CCx). Accessing this register using the CPU or DMA will affect the corre- 
sponding CCBVx status bit. 


The number of bits in this field corresponds to the size of the counter. 
e Bits 4:0 - DITHERCYB[4:0]: Dithering Buffer Cycle Number 


These bits represent the CCx.DITHERCY bits buffer. When the double buffering is enable, DITHERCYB bits value 
is copied to the CCx.DITHERCY bits on an UPDATE condition. 
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29.8.23.3 DITH6 mode 
Name: CCBn 
Offset: 0x70+n*0x4 [n=0..3] 
Reset: 0x00000000 
Access: Read-Write 


Property:  - 


Bit 


Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 


Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 


Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 


CCB[1:0] DITHERCYBI[5:0] 


Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
e Bits 31:24 — Reserved 


Atmel 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bits 23:6 - CCB[17:0]: Channel Compare/Capture Buffer Value 

These bits hold the value of the channel x compare/capture buffer register. The register serves as the buffer for the 
associated compare or capture registers (CCx). Accessing this register using the CPU or DMA will affect the corre- 
sponding CCBVx status bit. 


The number of bits in this field corresponds to the size of the counter. 
Bits 5:0 - DITHERCYB[5:0]: Dithering Buffer Cycle Number 


These bits represent the CCx.DITHERCY bits buffer. When the double buffering is enable, DITHERCYB bits value 
is copied to the CCx.DITHERCY bits on an UPDATE condition. 
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30. USB —- Universal Serial Bus 


30.1 Overview 


The Universal Serial Bus interface (USB) module complies with the Universal Serial Bus (USB) 2.1 specification 
supporting device mode. 


The USB device mode supports 8 endpoint addresses. All endpoint addresses have one input and one output 
endpoint, for a total of 16 endpoints. Each endpoint is fully configurable in any of the four transfer types: control, 
interrupt, bulk or isochronous. 


Internal SRAM is used to keep the configuration and data buffer for each endpoint. The memory locations used for the 
endpoint configurations and data buffers is fully configurable. The amount of memory allocated is dynamic according 
to the number of endpoints in use, and the configuration of these. The USB module has a built-in Direct Memory 
Access (DMA) and will read/write data from/to the system RAM when a USB transaction takes place. No CPU or DMA 
Controller resources are required. 


To maximize throughput, an endpoint can be configured for ping-pong operation. When this is done the input and 
output endpoint with the same address are used in the same direction. The CPU or DMA Controller can then 
read/write one data buffer while the USB module writes/reads from the other buffer. This gives double buffered 
communication. 


Multi-packet transfer enables a data payload exceeding the maximum packet size of an endpoint to be transferred as 
multiple packets without any software intervention. This reduces the number of interrupts and software intervention 
needed for USB transfers. 


For low power operation the USB module can put the microcontroller in any sleep mode when the USB bus is idle and 
a suspend condition is given. Upon bus resume the USB module can wake the microcontroller from any sleep mode. 


30.2 Features 

Compatible with the USB 2.1 specification 

USB Embedded Device mode 

Supports full (12Mbit/s) and low (1.5Mbit/s) speed communication 
Supports Link Power Management (LPM-L1) protocol 

On-chip transceivers with built-in pull-ups and pull-downs 
On-Chip USB serial resistors 

1kHz SOF clock available on external pin 


Device mode 
e Supports 8 IN endpoints and 8 OUT endpoints 
No endpoint size limitations 
Built-in DMA with multi-packet and dual bank for all endpoints 
Supports feedback endpoint 


e@ 
e 
e@ 
e Supports crystal less clock 
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30.3 USB Block Diagram 
Figure 30-1. LS/FS Implementation: USB Block Diagram 
User 
APB coma PA om 
| i 
USB interrupts Le] SOF 1kHz 
System clock domain USB clock domain 
30.4 Signal Description 
Pin Name salam BX=X-Xe1 | e) 4 (ea | Type 
DM Data -: Differential Data Line - Port | Input/Output 
DP Data +: Differential Data Line + Port | Input/Output 
SOF 1kHZ SOF Output Output 
Refer to “I/O Multiplexing and Considerations” on page 13 for details on the pin mapping for this peripheral. One 
signal can be mapped to one of several pins. 
30.5 Product Dependencies 
In order to use this peripheral module, other parts of the system must be configured correctly, as described below. 
30.5.1 I/O Lines 
The USB pins may be multiplexed with the I/O lines Controller. The user must first configure the I/O Controller to 
assign the USB pins to their peripheral functions. 
A 1kHz SOF clock is available on external pin. The user must first configure the I/O Controller to assign the 1kHz SOF 
clock to the peripheral function. 
30.5.2 Power Management 
The USB will continue to operate in any sleep mode where the selected source clock is running. The USB’s interrupts can be 
used to wake up the device from sleep modes. Events connected to the event system can trigger other operations in the 
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30.5.3 


30.5.4 


30.5.5 


30.5.6 


30.5.7 


30.5.8 


30.5.9 


30.5.10 


system without exiting sleep modes. Refer to the “PIM — Power Manager” on page 110 for details on the different sleep 
modes. 
Clocks 


The USB bus clock (CLK_USB_AHB) can be enabled and disabled in the Power Manager, and the default state of 
CLK_USB_AHB can be found in the Peripheral Clock Masking section in “PIM — Power Manager” on page 110. 


A generic clock (GCLK_USB) is required to clock the USB. This clock must be configured and enabled in the Generic 
Clock Controller before using the USB. Refer to “GCLK — Generic Clock Controller” on page 88 for further details. 


This generic clock is asynchronous to the bus clock (CLK_USB_AHB). Due to this asynchronicity, writes to certain 
registers will require synchronization between the clock domains. Refer to “Synchronization” on page 94 for further 
details. 


The USB module requires a GCLK_USB of 48 MHz + 0.25% clock for low speed and full speed operation. To follow 
the USB data rate at 12Mbit/s in full-speed mode, the CLK_USB_AHB clock should be at minimum 8MHz. 


Clock recovery is achieved by a digital phase-locked loop in the USB module, which complies with the USB jitter 
specifications. lf crystal-less operation is used in USB device mode, please refer to “USB Clock Recovery Mode” on 
page 154. 

DMA 

The USB has a built-in Direct Memory Access (DMA) and will read/write data from/to the system RAM when a USB 
transaction takes place. No CPU or DMA Controller resources are required. 

Interrupts 


The interrupt request lines are connected to the interrupt controller. Using the USB interrupts requires the interrupt controller 
to be configured first. Refer to “Nested Vector Interrupt Controller” on page 26 for details. 


Events 
Not Applicable 


Debug Operation 


When the CPU is halted in debug mode the USB continues normal operation. If the USB is configured in a way that 
requires it to be periodically serviced by the CPU through interrupts or similar, improper operation or data loss may 
result during debugging. 


Register Access Protection 


All registers with write-access are optionally write-protected by the peripheral access controller (PAC), except the 
following registers: 


e Device Interrupt Flag (INTFLAG) register 
e Endpoint Interrupt Flag (EPINTFLAG) register 


Write-protection is denoted by the Write-Protected property in the register description. 


Write-protection does not apply to accesses through an external debugger. Refer to “PAC — Peripheral Access 
Controller’ on page 30 for details. 


Analog Connections 


Not applicable. 


Calibration 


The output drivers for the DP/DM USB line interface can be tuned with calibration values from the production test. The 
calibration values must be loaded from the NVM Software Calibration Area into the USB Pad Calibration register 
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(PADCAL) by software, before enabling the USB, to achieve the specified accuracy. Refer to “NVM Software 
Calibration Row Mapping” on page 24 for further details. 


For details on Pad Calibration, refer to Pad Calibration register PADCAL. 
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30.6 Functional Description 


30.6.1 USB General Operation 


30.6.1.1 Initialization 


After a hardware reset, the USB is disabled. The user should first enable the USB (CTRLA.ENABLE) in device mode. 


Figure 30-2. General States 





HW RESET | CTRLA.SWRST 


CTRLA.ENABLE = 1 
CTRLA.MODE =0 


CTRLA.ENABLE = 0 CTRLA.ENABLE = 1 CTRLA.ENABLE = 0 
CTRLA.MODE =1 


Device Host 


After a hardware reset, the USB is in the idle state. In this state: 

e The module is disabled. The USB Enable bit in the Control A register (CTRLA.ENABLE) is reset. 

e The module clock is stopped in order to minimize power consumption. 

e The USB pad is in suspend mode. 

e The internal states and registers of the device are reset. 
Before using the USB, the Pad Calibration register (PADCAL) must be loaded with production calibration values from 
the NVM Software Calibration Area. Refer to “NVM Software Calibration Row Mapping” on page 24 for further details. 
The USB is enabled by writing a one to CTRLA.ENABLE. The USB is disabled by writing a zero to CTRLA.ENABLE. 


The USB is reset by writing a one to the Software Reset bit in CTRLA (CTRLA.SWRST). All registers in the USB will 
be reset to their initial state, and the USB will be disabled. Refer to the CTRLA register for details. 


The user can configure pads and speed before enabling the USB by writing to the Speed Configuration field in the 
Control B register (CTRLB.SPDCONF). These values are taken into account once the USB has been enabled by 
writing a one to CTRLA.ENABLE. 


After writing a one to CTRLA.ENABLE, the USB enters device mode (according to CTRLA.MODE). Please refer 
Figure 30-2. 
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30.6.2 


The USB can be disabled at any time by writing a zero to CTRLA.ENABLE. 
Refer to “USB Device Operations” on page 718 for the basic operation of the device mode. 


USB Device Operations 


This section gives an overview of the USB module device operation during normal transactions. For more details on 
general USB and USB protocol, please refer to the Universal Serial Bus specification revision 2.1. 


30.6.2.1 Initialization 


To attach the USB device to start the USB communications from the USB host, a zero should be written to the Detach 
bit in the Device Control B register (CTRLB.DETACH). To detach the device from the USB host, a one must be written 
to the CTRLB.DETACH. 


After the device is attached, the host will request the USB device descriptor using the default device address zero. On 
successful transmission, it will send a USB reset. After that, it sends an address to be configured for the device. All 
further transactions will be directed to this device address. This address should be configured in the Device Address 
field in the Device Address register (DADD.DADD) and the Address Enable bit in DADD (DADD.ADDEN) should be 
written to one to accept the communications directed to this address. DADD.ADDEN is automatically cleared on 
receiving a USB reset. 


30.6.2.2 Endpoint Configuration 


Endpoint data can be placed anywhere in the device RAM. The USB controller accesses these endpoints directly 
through the AHB master (built-in DMA) with the help of the endpoint descriptors. The base address of the endpoint 
descriptors needs to be written in the Descriptor Address register (DESCADD) by the user. Please refer the Endpoint 
Descriptor structure in “Endpoint Descriptor structure” on page 762. 

Before using an endpoint, the user should configure the direction and type of the endpoint in Type of Endpoint field in 
the Device Endpoint Configuration register (EPCFG.EPTYPEO0/1). The endpoint descriptor registers should be 
initialized to known values before using the endpoint, so that the USB controller does not read the random values from 
the RAM. 

The Endpoint Size field in the Packet Size register (PCKSIZE.SIZE) should be configured as per the size reported to 
the host for that endpoint. The Address of Data Buffer register (ADDR) should be set to the data buffer used for 
endpoint transfers. 

The Ram Access Interrupt bit in Device Interrupt Flag register (INTFLAG.RAMACER) is set when a RAM access 
underflow error occurs during IN data stage. 

When an endpoint is disabled, the following registers are cleared for that endpoint: 

Device Endpoint Interrupt Enable Clear/Set (EPINTENCLR/SET) register 

Device Endpoint Interrupt Flag (EPINTFLAG) register 

e Transmit Stall 0 bit in the Endpoint Status register (EPSTATUS.STALLRQO) 

e Transmit Stall 1 bit in the Endpoint Status register (EPSTATUS.STALLRQ1) 


30.6.2.3 Multi-Packet Transfers 


Multi-packet transfer enables a data payload exceeding the endpoint maximum transfer size to be transferred as 
multiple packets without software intervention. This reduces the number of interrupts and software intervention 
required to manage higher level USB transfers. Multi-packet transfer is identical to the IN and OUT transactions 
described below unless otherwise noted in this section. 

The application software provides the size and address of the RAM buffer to be proceeded by the USB module for a 
specific endpoint, and the USB module will split the buffer in the required USB data transfers without any software 
intervention. 
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Figure 30-3. Multi-Packet Feature - Reduction of CPU Overhead 
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30.6.2.4 USB Reset 

The USB bus reset is initiated by a connected host and managed by hardware. 

During USB reset the following registers are cleared: 

e Device Endpoint Configuration (EPCFG) register - except for Endpoint 0 

Device Frame Number (FNUM) register 
Device Address (DADD) register 
Device Endpoint Interrupt Enable Clear/Set (EPINTENCLR/SET) register 
Device Endpoint Interrupt Flag (EPINTFLAG) register 
Transmit Stall 0 bit in the Endpoint Status register (EPSTATUS.STALLRQO) 
Transmit Stall 1 bit in the Endpoint Status register (EPSTATUS.STALLRQ1) 
Endpoint Interrupt Summary (EPINTSMRY) register 
Upstream resume bit in the Control B register (CTRLB.UPRSM) 
At the end of the reset process, the End of Reset bit is set in the Interrupt Flag register (INTFLAG.EORST). 


30.6.2.5 Start-of-Frame 


When a Start-of-Frame (SOF) token is detected, the frame number from the token is stored in the Frame Number field 
in the Device Frame Number register (FNUM.FNUM) and the Start-of-Frame interrupt bit in the Device Interrupt Flag 
register (INTFLAG.SOF) is set. If there is a CRC or bit-stuff error, the Frame Number Error status flag 
(FNUM.FNCERR) in the FNUM register is set. 


30.6.2.6 Management of SETUP Transactions 


When a SETUP token is detected and the device address of the token packet does not match DADD.DADD the 
packet is discarded and the USB module returns to idle and waits for the next token packet. 

When the address matches, the USB module checks if the endpoint is enabled in EPCFG. If the addressed endpoint 
is disabled, the packet is discarded and the USB module returns to idle and waits for the next token packet. 

When the endpoint is enabled, the USB module then checks on the EPCFG of the addressed endpoint. If the 
EPCFG.EPTYPEO is not set to control, the USB module returns to idle and waits for the next token packet. 

When the EPCFG.EPTYPEO matches, the USB module then fetches the Data Buffer Address (ADDR) from the 


addressed endpoint's descriptor and waits for a DATAO packet. If a PID error or any other PID than DATAO is 
detected, the USB module returns to idle and waits for the next token packet. 


When the data PID matches and if Received Setup Complete interrupt bit in the Device Endpoint Interrupt Flag 
register (EPINTFLAG.RXSTP) is equal to zero, ignoring the Bank 0 Ready bit in the Device Endpoint Status register 
(EPSTATUS.BKORDY), the incoming data is written to the data buffer pointed to by the Data Buffer Address (ADDR). 
If the number of received data bytes exceeds the endpoint's maximum data payload size as specified by the 
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PCKSIZE.SIZE, the remainders of the received data bytes are discarded. The packet will still be checked for bit-stuff 
and CRC errors. Software must never report a endpoint size to the host that is greater than the value configured in 
PCKSIZE.SIZE. If a bit-stuff or CRC error is detected in the packet, the USB module returns to idle and waits for the 
next token packet. 

If data is successfully received, an ACK handshake is returned to the host, and the number of received data bytes, 
excluding the CRC, is written to the Byte Count (PCKSIZE.BYTE_COUNT). If the number of received data bytes is the 
maximum data payload specified by PCKSIZE.SIZE, no CRC data is written to the data buffer. If the number of 
received data bytes is the maximum data payload specified by PCKSIZE.SIZE minus one, only the first CRC data is 
written to the data buffer. If the number of received data is equal or less than the data payload specified by 
PCKSIZE.SIZE minus two, both CRC data bytes are written to the data buffer. 


Finally the EPSTATUS is updated. Data Toggle OUT bit (EPSTATUS.DTGLOUT), the Data Toggle IN bit 
(EPSTATUS.DTGLIN), the current bank bit (EPSTATUS.CURRBk) and the Bank Ready 0 bit (EPSTATUS.BKORDY) 
are set. Bank Ready 1 bit (EPSTATUS.BK1RDY) and the Stall Bank 0/1 bit (EPSTATUS.STALLQRO/1) are cleared 
on receiving the SETUP request. The RXSTP bit is set and triggers an interrupt if the Received Setup Interrupt Enable 
bit is set in Endpoint Interrupt Enable Set/Clear register (EPINTENSET/CLR.RXSTP). 


30.6.2.7 Management of OUT Transactions 


Figure 30-4. OUT Transfer: Data Packet Host to USB Device 
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When a OUT token is detected and the device address of the token packet does not match DADD.DADD, the packet 
is discarded and the USB module returns to idle and waits for the next token packet. 

If the address matches, the USB module checks if the endpoint number received is enabled in the EPCFG of the 
addressed endpoint. If the addressed endpoint is disabled, the packet is discarded and the USB module returns to idle 
and waits for the next token packet. 

When the endpoint is enabled, the USB module then checks the Endpoint Configuration register (EPCFG) of the 
addressed output endpoint. If the type of the endpoint (EPCFG.EPTYPEO) is not set to OUT, the USB module returns 
to idle and waits for the next token packet. 
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The USB module then fetches the Data Buffer Address (ADDR) from the addressed endpoint's descriptor, and waits 
for a DATAO or DATA1 packet. If a PID error or any other PID than DATAO or DATA‘1 is detected, the USB module 
returns to idle and waits for the next token packet. 


If EPSTATUS.STALLRQO in EPSTATUS is set, the incoming data is discarded. If the endpoint is not isochronous, a 
STALL handshake is returned to the host and the Transmit Stall Bank 0 interrupt bit in EPINTFLAG 
(EPINTFLAG.STALLO) is set. 


For isochronous endpoints, data from both a DATAO and DATA‘1 packet will be accepted. For other endpoint types the 
PID is checked against EPSTATUS.DTGLOUT. If a PID mismatch occurs, the incoming data is discarded, and an 
ACK handshake is returned to the host. 


If EPSTATUS.BKORDY is set, the incoming data is discarded, the bit Transmit Fail 0 interrupt bit in EPINTFLAG 
(EPINTFLAG.TRFAILO) and the status bit STATUS_BK.ERRORFLOW are set. If the endpoint is not isochronous, a 
NAK handshake is returned to the host. 


The incoming data is written to the data buffer pointed to by the Data Buffer Address (ADDR). If the number of 
received data bytes exceeds the maximum data payload specified as PCKSIZE.SIZE, the remainders of the received 
data bytes are discarded. The packet will still be checked for bit-stuff and CRC errors. If a bit-stuff or CRC error is 
detected in the packet, the USB module returns to idle and waits for the next token packet. 


If the endpoint is isochronous and a bit-stuff or CRC error in the incoming data, the number of received data bytes, 
excluding CRC, is written to PCKSIZE.BYTE_COUNT. Finally the EPINTFLAG.TRFAILO and CRC Error bit in the 
Device Bank Status register (STATUS _BK.CRCERR) is set for the addressed endpoint. 


If data was successfully received, an ACK handshake is returned to the host if the endpoint is not isochronous, and 
the number of received data bytes, excluding CRC, is written to PCKSIZE.BYTE_COUNT. If the number of received 
data bytes is the maximum data payload specified by PCKSIZE.SIZE no CRC data bytes are written to the data 
buffer. If the number of received data bytes is the maximum data payload specified by PCKSIZE.SIZE minus one, only 
the first CRC data byte is written to the data buffer If the number of received data is equal or less than the data 
payload specified by PCKSIZE.SIZE minus two, both CRC data bytes are written to the data buffer. 


Finally in EPSTATUS for the addressed output endpoint, EPSTATUS.BKORDY is set and EPSTATUS.DTGLOUT is 
toggled if the endpoint is not isochronous. The flag Transmit Complete 0 interrupt bit in EPINTFLAG 
(EPINTFLAG.TRCPT0) is set for the addressed endpoint. 


30.6.2.8 Multi-Packet Transfers for OUT Endpoint 


The number of data bytes received is stored in endpoint PCKSIZE.BYTE_COUNT as for normal operation. Since 
PCKSIZE.BYTE_COUNT is updated after each transaction, it must be set to zero when setting up a new transfer. The 
total number of bytes to be received must be written to PCKSIZE.MULTI_PACKET_SIZE. This value must be a 
multiple of PCKSIZE.SIZE, otherwise excess data may be written to SRAM locations used by other parts of the 
application. 

EPSTATUS.DTGLOUT management for non-isochronous packets and EPINTFLAG.BK1RDY/BKORDY management 
are as for normal operation. 

If a maximum payload size packet is received, PCKSIZE.BYTE_COUNT will be incremented by PCKSIZE.SIZE after 
the transaction has completed, and EPSTATUS.DTGLOUT will be toggled if the endpoint is not isochronous. If the 


updated PCKSIZE.BYTE_COUNT is equal to PCKSIZE.MULTI_PACKET_SIZE (i.e. the last transaction), 
EPSTATUS.BK1RDY/BKORDY, and EPINTFLAG.TRCPT0O/TRCPT1 will be set. 


Atmel | SMART SAM D11 [DATASHEET 722 
Atmel | 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





30.6.2.9 Management of IN Transactions 
Figure 30-5. IN Transfer: Data Packet USB Device to Host After Request from Host 
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When a IN token is detected and if the device address of the token packet does not match DADD.DADD, the packet is 
discarded and the USB module returns to idle and waits for the next token packet. 

When the address matches, the USB module checks if the endpoint received is enabled in the EPCFG of the 
addressed endpoint and if not the packet is discarded and the USB module returns to idle and waits for the next token 
packet. 

When the endpoint is enabled, the USB module then checks on the EPCFG of the addressed input endpoint. If the 
EPCFG.EPTYPE1 is not set to IN, the USB module returns to idle and waits for the next token packet. 

If EPSTATUS.STALLRQ1 in EPSTATUS is set, and the endpoint is not isochronous, a STALL handshake is returned 
to the host and EPINTFLAG.STALL1 is set. 

If EPSTATUS.BK1RDY is cleared, the flag EPINTFLAG.TRFAIL1 is set. If the endpoint is not isochronous, a NAK 
handshake is returned to the host. 

The USB module then fetches the Data Buffer Address (ADDR) from the addressed endpoint's descriptor. The data 
pointed to by the Data Buffer Address (ADDR) is sent to the host in a DATAO packet if the endpoint is isochronous. 
For non-isochronous endpoints a DATAO or DATA‘ packet is sent depending on the state of EPSTATUS.DTGLIN. 
When the number of data bytes specified in endpoint PCKSIZE.BYTE_COUNT is sent, the CRC is appended and 
sent to the host. 

For isochronous endpoints, EPSTATUS.BK1RDY is cleared and EPINTFLAG.TRCPT71 is set. 

For all non-isochronous endpoints the USB module waits for an ACK handshake from the host. If an ACK handshake 
is not received within 16 bit times, the USB module returns to idle and waits for the next token packet. If an ACK 
handshake is successfully received EPSTATUS.BK1RDY is cleared, EPINTFLAG.TRCPT1 is set and 
EPSTATUS.DTGLIN is toggled. 
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30.6.2.10 Multi-Packet Transfers for IN Endpoint 


The total number of data bytes to be sent is written to PCKSIZE.BYTE_COUNT as for normal operation. The Multi- 
packet size register (PCKSIZE.MULTI_PACKET_SIZE) is used to store the number of bytes that are sent, and must 
be written to zero when setting up a new transfer. 


When an IN token is received, PCKSIZE.BYTE_COUNT and PCKSIZE.MULTI_PACKET_SIZE are fetched. If 
PCKSIZE.BYTE_COUNT minus PCKSIZE.MULTI_PACKET_SIZE is less than the endpoint PCKSIZE.SIZE, endpoint 
BYTE_COUNT minus endpoint PCKSIZE.MULTI_PACKET_SIZE bytes are transmitted, otherwise PCKSIZE.SIZE 
number of bytes are transmitted. If endpoint PCKSIZE.BYTE_COUNT is a multiple of PCKSIZE.SIZE, the last packet 
sent will be zero-length if the AUTOZLP bit is set. 


If a maximum payload size packet was sent (i.e. not the last transaction), MULTI_PACKET_SIZE will be incremented 
by the PCKSIZE.SIZE. If the endpoint is not isochronous the EPSTATUS.DTLGIN bit will be toggled when the 
transaction has completed. If a short packet was sent (i.e. the last transaction), MULTI_LPACKET_SIZE is 
incremented by the data payload. EPSTATUS.BK0/1RDY will be cleared and EPINTFLAG.TRCPT0/1 will be set. 


30.6.2.11 Ping-Pong Operation 


When an endpoint is configured for ping-pong operation, it uses both the input and output data buffers (banks) for a 
given endpoint in a single direction. The direction is selected by enabling one of the IN or OUT direction in 
EPCFG.EPTYPE0/1 and configuring the opposite direction in ERCFG.EPTYPE1/0 as Dual Bank. 


When ping-pong operation is enabled for an endpoint, the endpoint in the opposite direction must be configured as 
dual bank. The data buffer, data address pointer and byte counter from the enabled endpoint are used as Bank 0, 
while the matching registers from the disabled endpoint are used as Bank 1. 


Figure 30-6. Ping-Pong Overview 
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The Bank Select flag in ERSTATUS.CURBK indicates which bank data will be used in the next transaction, and is 
updated after each transaction. According to EPSTATUS.CURBK, EPINTFLAG.TRCPT0 or EPINTFLAG.TRFAILO or 
EPINTFLAG.TRCPT1 or EPINTFLAG.TRFAIL1 in EPINTFLAG and Data Buffer 0/1 ready (EPSTATUS.BKORDY and 
EPSTATUS.BK1RDY) are set. The EPSTATUS.DTGLOUT and EPSTATUS.DTGLIN are updated for the enabled 
endpoint direction only. 


30.6.2.12 Feedback Operation 


Feedback endpoints are endpoints with same address but in different direction. This is usually used in explicit 
feedback mechanism in USB Audio, where a feedback endpoint is associated to one or more isochronous data 
endpoints to which it provides feedback service. The feedback endpoint always has the opposite direction from the 
data endpoint. 
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The feedback endpoint always has the opposite direction from the data endpoint(s). The feedback endpoint has the 
same endpoint number as the first (lower) data endpoint. A feedback endpoint can be created by configuring an 
endpoint with different endpoint size (PCKSIZE.SIZE) and different endpoint type (EPCFG.EPTYPE0/1) for the IN and 
OUT direction. 


Example Configuration for Feedback Operation: 

Endpoint n/ IN: EPCFG.EPTYPE1 = Interrupt IN, PCKSIZE.SIZE = 64. 

Endpoint n / OUT: EPCFG.EPTYPEO= Isochronous OUT, PCKSIZE.SIZE = 512. 
30.6.2.13 Suspend State and Pad Behavior 


Figure 30-7 illustrates the behavior of the USB pad in device mode. 


Figure 30-7. Pad Behavior 
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In Idle state, the pad is in low power consumption mode. 
In Active state, the pad is active. 


Figure 30-8 illustrates the pad events leading to a PAD state change. 


Figure 30-8. Pad Events 
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The Suspend Interrupt bit in the Device Interrupt Flag register (INTFLAG.SUSPEND) is set when a USB Suspend 
state has been detected on the USB bus. The USB pad is then automatically put in the Idle state. The detection of a 
non-idle state sets the Wake Up Interrupt bit in INTFLAG(INTFLAG.WAKEUP) and wakes the USB pad. 


The pad goes to the Idle state if the USB module is disabled or if CTRLB.DETACH is written to one. It returns to the 
Active state when CTRLA.ENABLE is written to one and CTRLB.DETACH is written to zero. 
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30.6.2.14 Remote Wakeup 


The remote wakeup request (also known as upstream resume) is the only request the device may send on its own 
initiative. This should be preceded by a DEVICE_REMOTE_WAKEUP request from the host. 


First, the USB must have detected a “Suspend” state on the bus, i.e. the remote wakeup request can only be sent 
after INTFLAG.SUSPEND has been set. 


The user may then write a one to the Remote Wakeup bit in CTRLB(CTRLB.UPRSM) to send an Upstream Resume 
to the host initiating the wakeup. This will automatically be done by the controller after 5 ms of inactivity on the USB 
bus. 


When the controller sends the Upstream Resume INTFLAG.WAKEUP is set and INTFLAG.SUSPEND is cleared. 
The CTRLB.UPRSM is cleared at the end of the transmitting Upstream Resume. 


In case of a rebroadcast resume initiated by the host, the End of Resume bit in INTFLAG(INTFLAG.EORSM) flag is 
set when the rebroadcast resume is completed. 


In the case where the CTRLB.UPRSM bit is set while a host initiated downstream resume is already started, the 
CTRLB.UPRSM is cleared and the upstream resume request is ignored. 


30.6.2.15 Link Power Management L1 (LPM-L1) Suspend State Entry and Exit as Device 
The LPM Handshake bit in CTRLB.LPMHDSK should be configured to accept the LPM transaction. 


When a LPM transaction is received on any enabled endpoint n and a handshake has been sent in response by the 

controller according to CTRLB.LPMHDSK, the Device Link Power Manager (EXTREG) register is updated in the bank 
0 of the addressed endpoint's descriptor. It contains information such as the Best Effort Service Latency (BESL), the 
Remote Wake bit (bRemoteWake), and the Link State parameter (bLinkState). 


If the LPM transaction was positively acknowledged (ACK handshake), USB sets the Link Power Management 
Interrupt bit in INTFLAG(INTFLAG.LPMSUSP) bit which indicates that the USB transceiver is suspended, reducing 
power consumption. This suspend occurs 9 microseconds after the LPM transaction according to the specification. 


To further reduce consumption, it is recommended to stop the USB clock while the device is suspended. 


The MCU can also enter in one of the available sleep modes if the wakeup time latency of the selected sleep mode 
complies with the host latency constraint (see the BESL parameter in EXTREG). 


Recovering from this LPM-L1 suspend state is exactly the same as the Suspend state (see Section “Suspend State 
and Pad Behavior” on page 724) except that the remote wakeup duration initiated by USB is shorter to comply with 
the Link Power Management specification. 


If the LPM transaction is responded with a NYET, the Link Power Management Not Yet Interrupt Flag 
INTFLAG(INTFLAG.LPMNYET) is set. This generates an interrupt if the Link Power Management Not Yet Interrupt 
Enable bit in INTENCLR/SET (INTENCLR/SET.LPMNYET) is set. 


If the LPM transaction is responded with a STALL or no handshake, no flag is set, and the transaction is ignored. 
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30.6.2.16 USB Device Interrupt 
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The WAKEUP is an asynchronous interrupt and can be used to wake-up the device from any sleep mode 
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30.7 Register Summary 


The register mapping depends on the Operating Mode field in the Control A register (CTRLA.MODE). The 
register summary is detailed below. 


30.7.1 Common Device Host Summary 


Table 30-1. Common Register Summary 


0x00 CTRLA MODE RUNSTBY ENABLE SWRST 
0x01 Reserved 
0x02 SYNCBUSY 7:0 ENABLE SWRST 
0x03 QOSCTRL 7:0 DQOS[1:0] CQOS[1:0] 
0x0D FSMSTATUS 7:0 FSMSTATE[6:0] 
0x24 7:0 DESCADDJ[7:0] 
0x25 15:8 DESCADD[15:8] 
DESCADD 

0x26 23:16 DESCADD[23:16] 
0x27 31:24 DESCADD[31:24] 
0x28 7:0 TRANSN([1:0] TRANSP[4:0] 

PADCAL 
0x29 15:8 TRIM[2:0] TRANSN[4:2] 


30.7.2 Device Summary 


Table 30-2. General Device Registers Summary 





0x04 Reserved 

0x05 Reserved 

0x06 Reserved 

0x07 Reserved 

0x08 7:0 NREPLY SPDCONF[1:0] UPRSM DETACH 
CTRLB 

0x09 15:8 LPMHDSK[1:0] GNAK 

0x0A DADD ADDEN DADDJ[6:0] 

0x0B Reserved | 

Ox0C STATUS 7:0 LINESTATE[1:0] SPEED[1:0] 

Ox0E Reserved 

OxOF Reserved 

0x10 7:0 FNUM[4:0] 
FNUM 

0x11 15:8 FNCERR FNUM[10:5] 

0x12 Reserved 

0x14 7:0 RAMACER UPRSM EORSM WAKEUP EORST SOF SUSPEND 

INTENCLR 
0x15 15:8 LPMSUSP LPMNYET 
0x16 Reserved 


0x17 Reserved 
























































































































































0x18 7:0 RAMACER UPRSM EORSM WAKEUP EORST SOF SUSPEND 
INTENSET 

0x19 15:8 LPMSUSP LPMNYET 
0x1A Reserved 

0x1B Reserved 

0x1C 7:0 RAMACER UPRSM EORSM WAKEUP EORST SOF SUSPEND 

INTFLAG 

0x1D 15:8 LPMSUSP LPMNYET 
Ox1E Reserved 

Ox1F Reserved 

0x20 7:0 EPINT[7:0] 

EPINTSMRY 

0x21 15:8 EPINT[15:8] 

0x22 Reserved | | | 

0x23 Reserved | | | 

Table 30-3. Device endpoint Register n 
Bit 

Offset WN EVaat) Pos. 

0x1m0 EPCFGx 7:0 EPTYPE1[1:0] EPTYPEO[1:0] 

Oxim1 Reserved 

0x1m2 Reserved 

0x1m3 Reserved 

Ox1m4 EPSTATUSCLR 7:0 BK1RDY BKORDY STALLRQ1 STALLRQO CURBK DTGLIN DTGLOUT 
Ox1m5 EPSTATUSSET 7:0 BK1RDY BKORDY STALLRQ1 STALLRQO CURBK DTGLIN DTGLOUT 
Ox1m6 EPSTATUS 7:0 BK1RDY BKORDY STALLRQ1 STALLRQO CURBK DTGLIN DTGLOUT 
Ox1m7 EPINTFLAG 7:0 STALL1 STALLO RXSTP TRFAIL1 TRFAILO TRCPT1 TRCPTO 
0x1m8 EPINTENCLR 7:0 STALL1 STALLO RXSTP TRFAIL1 TRFAILO TRCPT1 TRCPTO 
Ox1m9 EPINTENSET 7:0 STALL1 STALLO RXSTP TRFAIL1 TRFAILO TRCPT1 TRCPTO 
Ox1mA Reserved 

0x1mB Reserved 
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Table 30-4. Device endpoint n Descriptor Bank 0 

































































Offset 
0x nO + 
tate (=)-4 Name 
0x00 7:0 ADD[7:0] 
0x01 15:8 ADD[15:8] 
ADDR 
0x02 23:16 ADD[23:16] 
0x03 31:24 ADD[31:24] 
0x04 7:0 BYTE_COUNT{[7:0] 
0x05 15:8 MULTI_PACKET_SIZE[1:0] BYTE_COUNT[13:8] 
PCKSIZE 
0x06 23:16 MULTI_PACKET_SIZE[9:2] 
0x07 31:24 AUTO_ZLP SIZE[2:0] MULTI_PACKET_SIZE[13:10] 
0x08 EXTREG 7:0 VARIABLE[3:0] SUBPID[3:0] 
0x09 15:8 VARIABLE[10:4] 
Ox0A STATUS_BK 7:0 ERRORFLOW CRCERR 
0x0B Reserved 7:0 
0x0C Reserved 7:0 
0x0D Reserved 7:0 
Ox0E Reserved 7:0 
OxOF Reserved 7:0 
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Table 30-5. Device endpoint n Descriptor Bank 1 





















































Offset 
0x nO + 
0x10 + 
tate (=)-4 
0x00 7:0 ADD[7:0] 
0x01 15:8 ADD[15:8] 
ADDR 
0x02 23:16 ADD[23:16] 
0x03 31:24 ADD[31:24] 
0x04 7:0 BYTE_COUNT{[7:0] 
0x05 15:8 MULTI_PACKET_SIZE[1:0] BYTE_COUNT[13:8] 
PCKSIZE 
0x06 23:16 MULTI_PACKET_SIZE[9:2] 
0x07 31:24 AUTO_ZLP SIZE[2:0] MULTI_PACKET_SIZE[13:10] 
0x08 Reserved 7:0 
0x09 Reserved 15:8 
Ox0A STATUS_BK 7:0 ERRORFLOW CRCERR 
0x0B Reserved 7:0 
0x0C Reserved 7:0 
0x0D Reserved 7:0 
Ox0E Reserved 7:0 
OxOF Reserved 7:0 
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30.8 Register Description 


Registers can be 8, 16, or 32 bits wide. Atomic 8-, 16-, and 32-bit accesses are supported. In addition, the 8-bit 
quarters and 16-bit halves of a 32-bit register, and the 8-bit halves of a 16-bit register can be accessed directly. 


Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Write-protection is denoted 
by Write-Protected property in each individual register description. Please refer to the “Register Access Protection” on 
page 716 section and the “PAC — Peripheral Access Controller” on page 30 for details. 


Some registers require synchronization when read and/or written. Synchronization is denoted by the Write- 
Synchronized or the Read-Synchronized property in each individual register description. Refer to “Synchronization” 
on page 94 for details. 

Some registers are enable-protected, meaning they can only be written when the USB is disabled. Enable-protection 
is denoted by the Enable-Protected property in each individual register description. 
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30.8.1 Common Device Host Registers 


30.8.1.1 Control A 
Name: CTRLA 
Offset: 0x00 
Reset: 0x0000 
Property: Write-Protected, Write-Synchronised 



































Bit 7 6 5 4 3 2 1 0 
MODE RUNSTBY ENABLE SWRST 
Access R/W R R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
e Bit 7- MODE: Operating Mode 
This bit defines the operating mode of the USB. 
0: USB Device mode 
1: Reserved 
e Bits 6:3 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
e Bit 2—RUNSDTBY: Run in Standby Mode 
0: USB clock is stopped in standby mode. 
1: USB clock is running in standby mode 
This bit is Enable-Protected. 
e Bit 1-— ENABLE: Enable 
0: The peripheral is disabled or being disabled. 
1: The peripheral is enabled or being enabled. 
Due to synchronization there is delay from writing CTRLA.ENABLE until the peripheral is enabled/disabled. The 
value written to CTRLA.ENABLE will read back immediately and the Synchronization status enable bit in the 
synchronization register (SYNCBUSY.ENABLE) will be set. SYNCBUSY.ENABLE will be cleared when the 
operation is complete. 
This bit is Write-Synchronized 
e Bit 0 -SWRST: Software Reset 


Atmel 


0: There is no reset operation ongoing. 

1: The reset operation is ongoing. 

Writing a zero to this bit has no effect. 

Writing a one to this bit resets all registers in the USB, to their initial state, and the USB will be disabled. 
Writing a one to CTRLA.SWRST will always take precedence, meaning that all other writes in the same write- 
operation will be discarded. 


Due to synchronization there is a delay from writing CTRLA.SWRST until the reset is complete. 
CTRLA.SWRST and SYNCBUSY.SWRST will both be cleared when the reset is complete. 


This bit is Write-Synchronized. 
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30.8.1.2 Synchronization Busy 
Name: SYNCBUSY 
Offset: 0x02 
Reset: 0x0000 























Property: - 
Bit 7 6 5 4 3 2 1 0 
| | | | ENABLE SWRST 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 


e Bits 7:2 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bit 1 - ENABLE: Synchronization Enable status bit 
This bit is cleared when the synchronization of ENABLE register between the clock domains is complete. 


This bit is set when the synchronization of ENABLE register between clock domains is started. 


e Bit 0- SWRST: Synchronization Software Reset status bit 
This bit is cleared when the synchronization of SWRST register between the clock domains is complete. 


This bit is set when the synchronization of SWRST register between clock domains is started. 
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30.8.1.3 QOS Control 
Name: QOSCTRL 
Offset: 0x03 
Reset: 0x00 
Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 
a 

Access R R R R R/W R/W R/W R/W 

Reset 0 0 0 0 0 1 0 1 


e Bits 7:4 -— Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bits 3:2 -DQOS[1:0]: Data Quality of Service 
These bits define the memory priority access during the endpoint or pipe read/write data operation.Refer to 
“SRAM Quality of Service” on page 29. 


e Bits 1:0 - CQOS[1:0]: Configuration Quality of Service 
These bits define the memory priority access during the endpoint or pipe read/write configuration opera- 
tion.Refer to “SRAM Quality of Service” on page 29. 
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30.8.1.4 Finite State Machine Status 


Name: FSMSTATUS 
Offset: 0x0D 
Reset: OxXXXX 


Property: Read only 


Bit 7 6 5 4 3 2 1 0 





FSMSTATE[6:0] 














Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 1 
e Bits 7 — Reserved 


This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


e Bits 6:0 - FSMSTATE[6:0]: Fine State Machine Status 
These bits indicate the state of the finite state machine of the USB controller. 


FSMSTATE[6:0] DY =X-Yoq df oy t(o)a) 



































0x01 OFF (L3). Corresponds to the powered-off, disconnected, and disabled state 
0x02 ON (LO). Corresponds to the Idle and Active states 
0x04 SUSPEND (L2) 
0x08 SLEEP (L1) 
0x10 DNRESUME. Down Stream Resume. 
0x20 UPRESUME. Up Stream Resume. 
0x40 RESET. USB lines Reset. 
Others Reserved 
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30.8.1.5 Descriptor Address 
Name: DESCADD 
Offset: 0x24 
Reset: 0x00000000 
Property: Write-Protected 


















































Bit 31 30 29 28 27 26 25 24 
+3 DESCADD[31:24] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
+2 DESCADD[23:16] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 
+1 DESCADD[15:8] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
+0 DESCADD[7:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 31:0 - DESCADD[31:0]: Descriptor Address Value 
These bits define the base address of the main USB descriptor in RAM. The two least significant bits must be 
written to zero. 
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30.8.1.6 Pad Calibration 
Name: PADCAL 
Offset: 0x28 
Reset: 0x0000 
Property: Write-Protected 






































Bit 15 14 13 12 11 10 9 8 
TRIM[2:0] TRANSN[4:2] 
Access R R/W R/W R/W R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
TRANSN[1:0] TRANSP[4:0] 
Access R/W R/W R R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


The Pad Calibration values must be loaded from the NVM Software Calibration Area into the USB Pad Calibration 
register by software, before enabling the USB, to achieve the specified accuracy. Refer to “NVM Software Calibration 
Row Mapping” on page 24 for further details. 


e Bit 15 -— Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


e Bits 14:12 — TRIM: Trim bits for DP/DM 
These bits calibrate the matching of rise/fall of DP/DM. 


e Bit 11 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


e Bits 10:6 - TRANSN: Trimmable Output Driver Impedance N 
These bits calibrate the NMOS output impedance of DP/DM drivers. 


e Bit 5 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


e Bits 4:0 - TRANSP: Trimmable Output Driver Impedance P 
These bits calibrate the PMOS output impedance of DP/DM drivers. 
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30.8.2 Device Registers - Common 


30.8.2.1 Control B 


Name: CTRLB 
Offset: 0x08 
Reset: 0x0001 
Property: Write-Protected 
Bits 15 14 13 12 11 10 9 8 
SS TC A 
Access R R R R R/W R/W R/W R/ 
Reset 0 0 0 0 0 0 0 0 
Bits 7 6 5 4 3 2 1 0 
Te soconrrioy [ers [bevace | 
Access R R R R R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 15:12 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bits 11:10 - LPMHDSK[1:0]: Link Power Management Handshake 
These bits select the Link Power Management Handshake configuration as shown in Table 30-6. 


Table 30-6. LPMHDSK Selection 


LPMHDSK[1:0] | Description 




















0x0 No handshake. LPM is not supported 
0x1 ACK _ re : 
0x2 ij NYET | 

| 0x3 7 Reserved 














e Bit 9-— GNAK: Global NAK 
This bit configures the operating mode of the NAK. 
0: The handshake packet reports the status of the USB transaction 
1: A NAK handshake is answered for each USB transaction regardless of the current endpoint memory bank 
status 


This bit is not synchronized. 


e Bits 8:5 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bit 4-— NREPLY: No reply excepted SETUP Token 
0: Disable the “NO_REPLY” feature: Any transaction to endpoint 0 will be handled according to the USB2.0 
standard. 
1: Enable the “NO_REPLY” feature: Any transaction to endpoint 0 will be ignored except SETUP. 


This bit is cleared by hardware when receiving a SETUP packet. 
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This bit has no effect for any other endpoint but endpoint 0. 


Bits 3:2 - SPDCONF[1:0]: Speed Configuration 
These bits select the speed configuration as shown in Table 30-7. 


Table 30-7. SPDCONF Selection 


5) 5d DOL 0) | Ss i) | Description 














0x0 FS: Low speed 
0x1 LS: Full Speed 
0x2 Reserved 
0x3 Reserved 











Atmel 


Bit 1 - UPRSM: Upstream Resume 
0: Writing a zero to this bit has no effect. 
1: Writing a one to this bit will generate an upstream resume to the host for a remote wakeup. 


This bit is cleared when the USB receives a USB reset or once the upstream resume has been sent. 


Bit 0 - DETACH: Detach 

0: The device is attached to the USB bus so that communications may occur. 

1: It is the default value at reset. The internal device pull-ups are disabled, removing the device from the USB 
bus. 
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30.8.2.2 Device Address 
Name: DADD 
Offset: Ox0A 
Reset: 0x00 
Property: Write-Protected 

















Bit 7 6 5 4 3 2 1 0 
ADDEN DADDJ[6:0] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bit 7 - ADDEN: Device Address Enable 
0: Writing a zero will deactivate the DADD field (USB device address) and return the device to default address 
0. 
1: Writing a one will activate the DADD field (USB device address). 


This bit is cleared when a USB reset is received. 


e Bits 6:0 - DADD: Device Address 
These bits define the device address. The DADD register is reset when a USB reset is received. 
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30.8.2.3 Status 
Name: STATUS 
Offset: 0x0C 
Reset: 0x0000 























Property: - 
Bit 7 6 5 4 3 2 1 0 
LINESTATE[1:0] SPEED[1:0] 
Access R R R R R R R R 
Reset 0 1 0 0 0 1 0 0 


e Bits 7:6 - LINESTATE[1:0]: USB Line State Status 
These bits define the current line state DP/DM as showed in Table 30-8. 


Table 30-8. USB Line State Status 






USB Line Status 











0x0 _ SEO/RESET 
0x1 _FS-J or LS-K State 
"0x2 | FS-K or LS-J State 





e Bits 5:4 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


e Bits 3:2 - SPEED [1:0]: Speed Status 
These bits define the current speed used of the device 


Table 30-9. Speed Status 


SPEED[1:0] cS) od tl DVO) 











0x0 Low-speed mode 
Ox1 Full-speed mode 
0x2 Reserved 
0x3 Reserved 














e Bits 1:0 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 
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30.8.2.4 Device Frame Number 


Bit 


Access 
Reset 


Bit 


Access 


Reset 


Atmel 


Name: FNUM 
Offset: 0x10 
Reset: 0x0000 
Property: Read only 



































15 14 13 12 11 10 9 8 
FNCERR FNUM[10:5] 
R R R R R R R R 
0 0 0 0 0 0 0 0 
7 6 5 4 3 2 1 0 
FNUM[4:0] MFNUM[2:0] 
R R R R R R R R 
0 0 0 0 0 0 0 0 


Bit 15 - FNCERR: Frame Number CRC Error 
This bit is cleared upon receiving a USB reset. 


This bit is set when a corrupted frame number (or micro-frame number) is received. 
This bit and the SOF (or MSOF) interrupt bit are updated at the same time. 


Bit 14 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bits 13:3 — FNUM: Frame Number 

These bits are cleared upon receiving a USB reset. 

These bits are updated with the frame number information as provided from the last SOF packet even if a cor- 
rupted SOF is received. 


Bits 2:0 - MFNUM: Micro Frame Number 

These bits are cleared upon receiving a USB reset or at the beginning of each Start-of-Frame (SOF interrupt). 
These bits are updated with the micro-frame number information as provided from the last MSOF packet even if 
a corrupted MSOF is received. 
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30.8.2.5 Device Interrupt Enable Clear 


This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes in this 
register will also be reflected in the Interrupt Enable Set (INTENSET) register. 


Name: INTENCLR 
Offset: 0x14 

Reset: 0x0000 
Property: Write-Protected 


Bit 


Access 
Reset 


Bit 


Access 


Reset 


Atmel 


7 6 5 4 3 2 1 
R R/W R/W R/W R/W R/W R 


15 


14 13 12 11 10 9 8 
R R R R R R R/W R/W 


0 0 0 0 0 0 0 0 


0 


/W R/W 
0 0 0 0 0 0 0 0 


Bits 15:10 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bit 9 - LPMSUSP: Link Power Management Suspend Interrupt Enable 
0: The Link Power Management Suspend interrupt is disabled. 


1: The Link Power Management Suspend interrupt is enabled and an interrupt request will be generated when 
the Link Power Management Suspend interrupt Flag is set. 


Writing a zero to this bit has no effect. 


Writing a one to this bit will clear the Link Power Management Suspend Interrupt Enable bit and disable the cor- 
responding interrupt request. 


Bit 8 -LPMNYET: Link Power Management Not Yet Interrupt Enable 
0: The Link Power Management Not Yet interrupt is disabled. 


1: The Link Power Management Not Yet interrupt is enabled and an interrupt request will be generated when 
the Link Power Management Not Yet interrupt Flag is set. 


Writing a zero to this bit has no effect. 


Writing a one to this bit will clear the Link Power Management Not Yet interrupt Enable bit and disable the cor- 
responding interrupt request. 


Bit 7-— RAMACER: RAM Access Interrupt Enable 
0: The RAM Access interrupt is disabled. 


1: The RAM Access interrupt is enabled and an interrupt request will be generated when the RAM Access inter- 
rupt Flag is set. 


Writing a zero to this bit has no effect. 


Writing a one to this bit will clear the RAM Access interrupt Enable bit and disable the corresponding interrupt 
request. 


Bit 6 -UPRSM: Upstream Resume Interrupt Enable 
0: The Upstream Resume interrupt is disabled. 
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1: The Upstream Resume interrupt is enabled and an interrupt request will be generated when the Upstream 
Resume interrupt Flag is set. 
Writing a zero to this bit has no effect. 


Writing a one to this bit will clear the Upstream Resume interrupt Enable bit and disable the corresponding 
interrupt request. 


Bit 5 - EORSM: End Of Resume Interrupt Enable 

0: The End Of Resume interrupt is disabled. 

1: The End Of Resume interrupt is enabled and an interrupt request will be generated when the End Of 
Resume interrupt Flag is set. 

Writing a zero to this bit has no effect. 


Writing a one to this bit will clear the End Of Resume interrupt Enable bit and disable the corresponding inter- 
rupt request. 


Bit 4 - WAKEUP: Wake-Up Interrupt Enable 

0: The Wake Up interrupt is disabled. 

1: The Wake Up interrupt is enabled and an interrupt request will be generated when the Wake Up interrupt 
Flag is set. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the Wake Up interrupt Enable bit and disable the corresponding interrupt 
request. 


Bit 3 - EORST: End of Reset Interrupt Enable 

0: The End of Reset interrupt is disabled. 

1: The End of Reset interrupt is enabled and an interrupt request will be generated when the End of Reset inter- 
rupt Flag is set. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the End of Reset interrupt Enable bit and disable the corresponding interrupt 
request. 


Bit 2 — SOF: Start-of-Frame Interrupt Enable 

0: The Start-of-Frame interrupt is disabled. 

1: The Start-of-Frame interrupt is enabled and an interrupt request will be generated when the Start-of-Frame 
interrupt Flag is set. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the Start-of-Frame interrupt Enable bit and disable the corresponding interrupt 
request. 


Bit 1 —- Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bit O- SUSPEND: Suspend Interrupt Enable 

0: The Suspend interrupt is disabled. 

1: The Suspend interrupt is enabled and an interrupt request will be generated when the Suspend interrupt Flag 
is set. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the Suspend Interrupt Enable bit and disable the corresponding interrupt 
request. 
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30.8.2.6 Device Interrupt Enable Set 


This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes in this 
register will also be reflected in the Interrupt Enable Clear (INTENCLR) register. 


Name: INTENSET 
Offset: 0x18 

Reset: 0x0000 
Property: Write-Protected 


Bit 


Access 


Reset 
Bit 


Access 


Reset 


Atmel 


15 


14 13 12 11 10 9 8 
R R R R R R R/W R/W 


0 0 0 0 0 0 0 0 


7 6 5 4 3 2 1 0 
R/W R/W R/W R/W R/W R/W R R/W 


0 0 0 0 0 0 0 0 


Bits 15:10 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bit 9 - LPMSUSP: Link Power Management Suspend Interrupt Enable 
0: The Link Power Management Suspend interrupt is disabled. 


1: The Link Power Management Suspend interrupt is enabled. 
Writing a zero to this bit has no effect. 


Writing a one to this bit will set the Link Power Management Suspend Enable bit and enable the corresponding 
interrupt request. 


Bit 8 -LPMNYET: Link Power Management Not Yet Interrupt Enable 
0: The Link Power Management Not Yet interrupt is disabled. 


1: The Link Power Management Not Yet interrupt is enabled. 
Writing a zero to this bit has no effect. 


Writing a one to this bit will set the Link Power Management Not Yet interrupt bit and enable the corresponding 
interrupt request. 


Bit 7-— RAMACER: RAM Access Interrupt Enable 
0: The RAM Access interrupt is disabled. 


1: The RAM Access interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the RAM Access Enable bit and enable the corresponding interrupt request. 


Bit 6 - UPRSM: Upstream Resume Interrupt Enable 
0: The Upstream Resume interrupt is disabled. 


1: The Upstream Resume interrupt is enabled. 
Writing a zero to this bit has no effect. 


Writing a one to this bit will set the Upstream Resume Enable bit and enable the corresponding interrupt 
request. 
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e Bit 5—EORSM: End Of Resume Interrupt Enable 
0: The End Of Resume interrupt is disabled. 


1: The End Of Resume interrupt is enabled. 
Writing a zero to this bit has no effect. 


Writing a one to this bit will set the End Of Resume interrupt Enable bit and enable the corresponding interrupt 
request. 


e Bit 4-— WAKEUP: Wake-Up Interrupt Enable 
0: The Wake Up interrupt is disabled. 
1: The Wake Up interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Wake Up interrupt Enable bit and enable the corresponding interrupt 
request. 


e Bit 3-— EORST: End of Reset Interrupt Enable 
0: The End of Reset interrupt is disabled. 


1: The End of Reset interrupt is enabled. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will set the End of Reset interrupt Enable bit and enable the corresponding interrupt 
request. 


e Bit 2-— SOF: Start-of-Frame Interrupt Enable 
0: The Start-of-Frame interrupt is disabled. 


1: The Start-of-Frame interrupt is enabled. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will set the Start-of-Frame interrupt Enable bit and enable the corresponding interrupt 
request. 


e Bit 1 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


e Bit 0 - SUSPEND: Suspend Interrupt Enable 
0: The Suspend interrupt is disabled. 
1: The Suspend interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Suspend interrupt Enable bit and enable the corresponding interrupt request. 
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30.8.2.7 Device Interrupt Flag 
Name: INTFLAG 
Offset: 0x01C 
Reset: 0x0000 
Property: - 


Bit 


Access 


Reset 
Bit 


Access 
Reset 


Atmel 


15 


14 13 12 11 10 9 8 
R R R R R R R/W R/W 


0 0 0 0 0 0 0 0 


7 6 5 4 3 2 1 0 
R/W R/W R/W R/W R/W R/W R R/W 


0 0 0 0 0 0 0 0 


Bits 15:10 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bit 9 - LPMSUSP: Link Power Management Suspend Interrupt Flag 

This flag is cleared by writing a one to the flag. 

This flag is set when the USB module acknowledge a Link Power Management Transaction (ACK handshake) 
and has entered the Suspended state and will generate an interrupt if INTENCLR/SET.LPMSUSP is one. 
Writing a zero to this bit has no effect. 

Writing a one to this bit clears the LPMSUSP Interrupt Flag. 


Bit 8 - LPMNYET: Link Power Management Not Yet Interrupt Flag 

This flag is cleared by writing a one to the flag. 

This flag is set when the USB module acknowledges a Link Power Management Transaction (handshake is 
NYET) and will generate an interrupt if INTENCLR/SET.LPMNYET is one. 

Writing a zero to this bit has no effect. 

Writing a one to this bit clears the LPMNYET Interrupt Flag. 


Bit 7- RAMACER: RAM Access Interrupt Flag 

This flag is cleared by writing a one to the flag. 

This flag is set when a RAM access underflow error occurs during IN data stage. This bit will generate an inter- 
rupt if INTENCLR/SET.RAMACER is one. 


Writing a zero to this bit has no effect. 


Bit 6 - UPRSM: Upstream Resume Interrupt Flag 

This flag is cleared by writing a one to the flag. 

This flag is set when the USB sends a resume signal called “Upstream Resume” and will generate an interrupt 
if INTENCLR/SET.UPRSM is one. 


Writing a zero to this bit has no effect. 


Bit 5- EORSM: End Of Resume Interrupt Flag 
This flag is cleared by writing a one to the flag. 
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This flag is set when the USB detects a valid “End of Resume” signal initiated by the host and will generate an 
interrupt if INTENCLR/SET.EORSM is one. 


Writing a zero to this bit has no effect. 


e Bit 4—WAKEUP: Wake Up Interrupt Flag 
This flag is cleared by writing a one to the flag. 


This flag is set when the USB is reactivated by a filtered non-idle signal from the lines and will generate an inter- 
rupt if INTENCLR/SET.WAKEUPFP is one. 


Writing a zero to this bit has no effect. 


e Bit 3 - EORST: End of Reset Interrupt Flag 
This flag is cleared by writing a one to the flag. 


This flag is set when a USB “End of Reset” has been detected and will generate an interrupt if INTEN- 
CLR/SET.EORST is one. 


Writing a zero to this bit has no effect. 


e Bit 2 - SOF: Start-of-Frame Interrupt Flag 
This flag is cleared by writing a one to the flag. 


This flag is set when a USB “Start-of-Frame” has been detected (every 1 ms) and will generate an interrupt if 
INTENCLR/SET.SOF is one. 


The FNUM is updated. 
Writing a zero to this bit has no effect. 


e Bit 1 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


e Bit 0 - SUSPEND: Suspend Interrupt Flag 
This flag is cleared by writing a one to the flag. 


This flag is set when a USB “Suspend?” idle state has been detected for 3 frame periods (J state for 3 ms) and 
will generate an interrupt if INTENCLR/SET.SUSPEND is one. 


Writing a zero to this bit has no effect. 
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30.8.2.8 Endpoint Interrupt Summary 
Name: EPINTSMRY 
Offset: 0x20 
Reset: 0x00000000 


























Property: - 

Bit 15 14 13 12 11 10 9 8 

+1 EPINT[15:8] 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 

+0 EPINT[7:0] 
Access R R R R R R R R 
Reset 0 0 0 0 0 0 0 0 


e = Bits 15:0 — EPINT[15:0]: EndPoint Interrupt Summary Register 
The flag EPINT[n] is set when an interrupt is triggered by the EndPoint n. See “Device EndPoint Interrupt Flag’ 
on page 756 register in the device EndPoint section. 
This bit will be cleared when no interrupts are pending for EndPoint n. 


9 
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30.8.3 Device Registers - Endpoint 


30.8.3.1 Device Endpoint Configuration register n 


Name: EPCFGx 

Offset: 0x100 + (n x 0x20) 

Reset: 0x00 

Property: Write-Protected 

Bit 7 6 5 4 3 2 1 0 
a 

Access R R/W R/W R/W R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bit 7 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


e Bits 6:4 - EPTYPE1[2:0]: Type of the Endpoint for IN direction 
These bits contains the endpoint type for IN direction. 


Table 30-10. Type of Endpoint 


















EPTYPE1[2:0] Description 
x0 | Bankt is disabled 

0x1 Bank1 is enabled and configured as Control IN 

Ox2 Bank1 is enabled and configured as Isochronous IN 
| 0x3 Bank1 is enabled and configured as Bulk IN 
0x4 Bank1 is enabled and configured as Interrupt IN 





Bank1 is enabled and configured as Dual-Bank OUT 

















xs (EndPoint type is the same as the one defined in EPTYPEO) 
Ox6-0x7 Reserved 
Upon receiving a USB reset EPCFGn.EPTYPE1 is cleared except for endpoint 0 which is unchanged. 
e Bit 3 —- Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
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e Bits 2:0 - EPTYPE0[2:0]: Type of the Endpoint for OUT direction 
These bits contains the endpoint type for OUT direction. 


Table 30-11. Type of Endpoint 


EPTYPEO[2:0] DY =X-Yo do} t(eya) 




















0x0 BankO is disabled 
0x1 Bank0O is enabled and configured as Control SETUP / Control OUT 
Ox2 Bank0O is enabled and configured as Isochronous OUT 
0x3 Bank0 is enabled and configured as Bulk OUT 
0x4 BankO is enabled and configured as Interrupt OUT 
Ox5 BankO is enabled and configured as Dual Bank IN 
(EndPoint type is the same as the one defined in EPTYPE1) 
Ox6-0x7 Reserved 














Upon receiving a USB reset EPCFGn.EPTYPEO is cleared except for endpoint 0 which is unchanged. 
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30.8.3.2 EndPoint Status Clear Register n 


Bit 


Access 


Reset 


Atmel 


Name: EPSTATUSCLR 
Offset: 0x104 + (x * 0x20) 
Reset: 0x00 


Property: Write-Protected 


7 6 5 4 3 2 1 0 
BK1RDY BKORDY STALLRQ1 STALLRQO a CURBK DTGLIN DTGLOUT 
R/W R/W R/W R/W R/W R/W R/W R/W 


0 0 0 0 0 0 0 0 


Bit 7 -BK1RDY: Bank 1 Ready 
Writing a zero to this bit has no effect. 


Writing a one to this bit will clear EPSTATUS.BK1RDY bit. 


Bit 6 - BKORDY: Bank 0 Ready 
Writing a zero to this bit has no effect. 


Writing a one to this bit will clear EPSTATUS.BKORDY bit. 


Bit 5 - STALLRQ1:STALL bank 1 Request 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear EPSTATUS.STALLRQ1 bit. 


Bit 4 - STALLRQO:STALL bank 0 Request 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear EPSTATUS.STALLRQO bit. 


Bit 3 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bit 2 - CURBK: Current Bank 
Writing a zero to this bit has no effect. 


Writing a one to this bit will clear EPSTATUS.CURBK bit. 


Bit 1 - DTGLIN: Data Toggle IN 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear EPSTATUS.DTGLIN bit. 


Bit 0 -DTGLOUT: Data Toggle OUT 
Writing a zero to this bit has no effect. 


Writing a one to this bit will clear the EPSTATUS.DTGLOUT bit. 
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30.8.3.3 EndPoint Status Set n 
Name: EPSTATUSSET 
Offset: 0x105 + (n x 0x20) 
Reset: 0x00 
Property: Write-Protected 


7 6 5 4 3 2 1 0 
BK1RDY BKORDY STALLRQ1 STALLRQO | CURBK DTGLIN DTGLOUT 
R/W R/W R/W R/W R R/W R/W R/W 


0 0 0 0 0 0 0 0 


Bit 


Access 


Reset 


Atmel 


Bit 7 -BK1RDY: Bank 1 Ready 
Writing a zero to this bit has no effect. 


Writing a one to this bit will set ERSTATUS.BK1RDY bit. 


Bit 6 - BKORDY: Bank 0 Ready 
Writing a zero to this bit has no effect. 


Writing a one to this bit will set ERSTATUS.BKORDY bit. 


Bit 5 - STALLRQ1: STALL Request bank 1 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set ERSTATUS.STALLRQ1 bit. 


Bit 4 - STALLRQO: STALL Request bank 0 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set EPSTATUS.STALLRQO bit. 


Bit 3 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bit 2 - CURBK: Current Bank 
Writing a zero to this bit has no effect. 


Writing a one to this bit will set EPSTATUS.CURBK bit. 


Bit 1 - DTGLIN: Data Toggle IN 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set EPSTATUS.DTGLIN bit. 


Bit 0 -DTGLOUT: Data Toggle OUT 
Writing a zero to this bit has no effect. 


Writing a one to this bit will set the EPSTATUS.DTGLOUT bit. 
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30.8.3.4 EndPoint Status n 


Name: EPSTATUS 
Offset: 0x106 + (n x 0x20) 
Reset: 0x00 


Property: Write-Protected 


Bit 
Access 
Reset 
@ 
@ 
e 
e 
e 
e 
Altmel 


7 6 5 4 3 2 1 0 
BK1RDY BKORDY STALLRQ1 STALLRQO | CURBK DTGLIN DTGLOUT 
R R R R R R R R 


0 


Bit 7 - BK1RDY: Bank 1 is ready 
0: The bank number 1 is not ready: For IN direction Endpoints, the bank is not yet filled in. 


For Control/OUT direction Endpoints, the bank is empty. 

1: The bank number 1 is ready: For IN direction Endpoints, the bank is filled in. For Control/OUT direction End- 
points, the bank is full. 

Writing a one to the bit EPSTATUSCLR.BK1RDY will clear this bit. 

Writing a one to the bit ERSTATUSSET.BK1RDY will set this bit. 


Bit 6 - BKORDY: Bank 0 is ready 
0: The bank number 0 is not ready : For IN direction Endpoints, the bank is not yet filled in. For Control/OUT 
direction Endpoints, the bank is empty. 


1: The bank number 0 is ready: For IN direction Endpoints, the bank is filled in. For Control/OUT direction End- 
points, the bank is full. 


Writing a one to the bit EPSTATUSCLR.BKORDY will clear this bit. 
Writing a one to the bit ERSTATUSSET.BKORDY will set this bit. 


Bit 5 - STALLRQ1: STALL bank 1 request 
0: Disable STALLRQ1 feature. 


1: Enable STALLRQ1 feature: a STALL handshake will be sent to the host in regards to bank1. 
Writing a zero to the bit EPSTATUSCLR.STALLRQ1 will clear this bit. 

Writing a one to the bit EPSTATUSSET.STALLRQ1 will set this bit. 

This bit is cleared by hardware when receiving a SETUP packet. 


Bit 4 - STALLRQO: STALL bank 0 request 
0: Disable STALLRQO feature. 


1: Enable STALLRQO feature: a STALL handshake will be sent to the host in regards to bankO. 
Writing a zero to the bit EPSTATUSCLR.STALLRQO will clear this bit. 

Writing a one to the bit EPSTATUSSET.STALLRQO will set this bit. 

This bit is cleared by hardware when receiving a SETUP packet. 


Bit 3 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bit 2 - CURBK: Current Bank 
0: The bank0O is the bank that will be used in the next single/multi USB packet. 


1: The bank‘ is the bank that will be used in the next single/multi USB packet. 
Writing a zero to the bit ERSTATUSCLR.CURBK will clear this bit. 
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Writing a one to the bit ERSTATUSSET.CURBK will set this bit. 


e Bit 1-DTGLIN: Data Toggle IN Sequence 
0: The PID of the next expected IN transaction will be zero: data 0. 
1: The PID of the next expected IN transaction will be one: data 1. 
Writing a zero to the bit ERSTATUSCLR.DTGLINCLR will clear this bit. 
Writing a one to the bit ERSTATUSSET.DTGLINSET will set this bit. 


e Bit 0 - DTGLOUT: Data Toggle OUT Sequence 
0: The PID of the next expected OUT transaction will be zero: data 0. 
1: The PID of the next expected OUR transaction will be one: data 1. 
Writing a zero to the bit ERSTATUSCLR.DTGLOUTCLR will clear this bit. 
Writing a one to the bit ERSTATUSSET.DTGLOUTSET will set this bit. 
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30.8.3.5 Device EndPoint Interrupt Flag 


Name: EPINTFLAG 
Offset: 0x107 + (n x 0x20) 
Reset: 0x00 

Property: - 


Bit 


Access 
Reset 
e 
e 
@ 
®@ 
@ 


Atmel 


7 6 5 4 3 2 1 0 
[ STALL1 STALLO RXSTP TRFAIL1 TRFAILO TRCPT1 TRCPTO 
R R/W R/W R/W R/W R/W R/W R/W 


0 0 0 0 0 0 0 0 


Bits 7 — Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bit 6 —- STALL1: Transmit Stall 1 Interrupt Flag 
This flag is cleared by writing a one to the flag. 


This flag is set when a Transmit Stall occurs and will generate an interrupt if EPINTENCLR/SET.STALL1 is 
one. 

EPINTFLAG.STALL1 is set for a single bank IN endpoint or double bank IN/OUT endpoint when current bank is 
" ve 

Writing a zero to this bit has no effect. 

Writing a one to this bit clears the STALL1 Interrupt Flag. 


Bit 5 - STALLO: Transmit Stall 0 Interrupt Flag 

This flag is cleared by writing a one to the flag. 

This flag is set when a Transmit Stall occurs and will generate an interrupt if EPINTENCLR/SET.STALLO is 
one. 

EPINTFLAG.STALLO is set for a single bank OUT endpoint or double bank IN/OUT endpoint when current bank 
is "0". 

Writing a zero to this bit has no effect. 

Writing a one to this bit clears the STALLO Interrupt Flag. 


Bit 4 -—- RXSTP: Received Setup Interrupt Flag 
This flag is cleared by writing a one to the flag. 


This flag is set when a Received Setup occurs and will generate an interrupt if EPINTENCLR/SET.RXSTP is 
one. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the RXSTP Interrupt Flag. 


Bit 3 - TRFAIL1: Transfer Fail 1 Interrupt Flag 

This flag is cleared by writing a one to the flag. 

This flag is set when a transfer fail occurs and will generate an interrupt if EPINTENCLR/SET.TRFAIL1 is one. 
EPINTFLAG.TRFAIL1 is set for a single bank IN endpoint or double bank IN/OUT endpoint when current bank 
is "1". 

Writing a zero to this bit has no effect. 

Writing a one to this bit clears the TRFAIL1 Interrupt Flag. 


Atmel | SMART SAM D11 [DATASHEET] 756 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





e Bit 2-TRFAILO: Transfer Fail 0 Interrupt Flag 
This flag is cleared by writing a one to the flag. 
This flag is set when a transfer fail occurs and will generate an interrupt if EPINTENCLR/SET.TRFAILO is one. 
EPINTFLAG.TRFAILO is set for a single bank OUT endpoint or double bank IN/OUT endpoint when current 
bank is "0". 
Writing a zero to this bit has no effect. 
Writing a one to this bit clears the TRFAILO Interrupt Flag. 


e Bit 1-TRCPT1: Transfer Complete 1 interrupt Flag 
This flag is cleared by writing a one to the flag. 


This flag is set when a Transfer Complete occurs and will generate an interrupt if EPINTENCLR/SET.TRCPT1 
is one. EPINTFLAG.TRCPT1 is set for a single bank IN endpoint or double bank IN/OUT endpoint when current 
bank is "1". 

Writing a zero to this bit has no effect. 

Writing a one to this bit clears the TRCPT1 Interrupt Flag. 


e Bit 0- TRCPTO: Transfer Complete 0 interrupt Flag 
This flag is cleared by writing a one to the flag. 
This flag is set when a Transfer complete occurs and will generate an interrupt if EPINTENCLR/SET.TRCPTO 
is one. EPINTFLAG.TRCPTO is set for a single bank OUT endpoint or double bank IN/OUT endpoint when cur- 
rent bank is "0". 
Writing a zero to this bit has no effect. 
Writing a one to this bit clears the TRCPTO Interrupt Flag. 
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30.8.3.6 Device EndPoint Interrupt Enable 


Bit 


Access 


Reset 


Atmel 


Name: EPINTENCLR 
Offset: 0x108 + (n x 0x20) 
Reset: 0x00 


Property: Write-Protected 


This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes in this 
register will also be reflected in the Endpoint Interrupt Enable Set (EPINTENSET) register. 


This register is cleared by USB reset or when EPEN[n] is zero. 


7 6 5 4 3 2 1 0 
[- STALL1 STALLO RXSTP TRFAIL1 TRFAILO TRCPT1 TRCPTO 
R R/W R/W R/W R/W R/W R/W R/W 


0 0 0 0 0 0 0 0 


Bits 7 — Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bit 6 —- STALL1: Transmit STALL 1 Interrupt Enable 
0: The Transmit Stall 1 interrupt is disabled. 


1: The Transmit Stall 1 interrupt is enabled and an interrupt request will be generated when the Transmit Stall 1 
Interrupt Flag is set. 


Writing a zero to this bit has no effect. 


Writing a one to this bit will clear the Transmit Stall 1 Interrupt Enable bit and disable the corresponding inter- 
rupt request. 


Bit 5 - STALLO: Transmit STALL 0 Interrupt Enable 
0: The Transmit Stall 0 interrupt is disabled. 


1: The Transmit Stall 0 interrupt is enabled and an interrupt request will be generated when the Transmit Stall 0 
Interrupt Flag is set. 


Writing a zero to this bit has no effect. 


Writing a one to this bit will clear the Transmit Stall 0 Interrupt Enable bit and disable the corresponding inter- 
rupt request. 


Bit 4 -—- RXSTP: Received Setup Interrupt Enable 
0: The Received Setup interrupt is disabled. 


1: The Received Setup interrupt is enabled and an interrupt request will be generated when the Received Setup 
Interrupt Flag is set. 


Writing a zero to this bit has no effect. 


Writing a one to this bit will clear the Received Setup Interrupt Enable bit and disable the corresponding inter- 
rupt request. 


Bit 3 - TRFAIL1: Transfer Fail 1 Interrupt Enable 
0: The Transfer Fail 1 interrupt is disabled. 


1: The Transfer Fail 1 interrupt is enabled and an interrupt request will be generated when the Transfer Fail 1 
Interrupt Flag is set. 
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The user should look into the descriptor table status located in ram to be informed about the error condition : 
ERRORFLOW, CRC. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the Transfer Fail 1 Interrupt Enable bit and disable the corresponding interrupt 
request. 


e Bit 2-TRFAILO: Transfer Fail 0 Interrupt Enable 
0: The Transfer Fail bank 0 interrupt is disabled. 
1: The Transfer Fail bank 0 interrupt is enabled and an interrupt request will be generated when the Transfer 
Fail 0 Interrupt Flag is set. 
The user should look into the descriptor table status located in ram to be informed about the error condition : 
ERRORFLOW, CRC. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Transfer Fail 0 Interrupt Enable bit and disable the corresponding interrupt 
request. 


e Bit 1—TRCPT1: Transfer Complete 1 Interrupt Enable 
0: The Transfer Complete 1 interrupt is disabled. 
1: The Transfer Complete 1 interrupt is enabled and an interrupt request will be generated when the Transfer 
Complete 1 Interrupt Flag is set. 
Writing a zero to this bit has no effect. 


Writing a one to this bit will clear the Transfer Complete 1 Interrupt Enable bit and disable the corresponding 
interrupt request. 


e Bit 0-TRCPTO: Transfer Complete 0 interrupt Enable 
0: The Transfer Complete bank 0 interrupt is disabled. 
1: The Transfer Complete bank 0 interrupt is enabled and an interrupt request will be generated when the 
Transfer Complete 0 Interrupt Flag is set. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Transfer Complete 0 interrupt Enable bit and disable the corresponding 
interrupt request. 
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30.8.3.7 Device Interrupt EndPoint Set 
Name: EPINTENSET 
Offset: 0x109 + (n x 0x20) 
Reset: 0x0000 
Property: Write-Protected 


7 6 5 4 3 2 1 0 
[ STALL1 STALLO RXSTP TRFAIL1 TRFAILO TRCPT1 TRCPTO 
R R/W R/W R/W R/W R/W R/W R/W 


0 


Bit 


Access 


Reset 


Atmel 


0 0 0 0 0 0 0 


This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes in this 


register will also be reflected in the Endpoint Interrupt Enable Set (EPINTENCLR) register. 
This register is cleared by USB reset or when EPENJn] is zero. 


Bits 7 — Reserved 


This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 


when this register is written. This bit will always return zero when read. 


Bit 6 —- STALL1: Transmit Stall 1 Interrupt Enable 
0: The Transmit Stall 1 interrupt is disabled. 


1: The Transmit Stall 1 interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will enable the Transmit bank 1 Stall interrupt. 


Bit 5 - STALLO: Transmit Stall 0 Interrupt Enable 
0: The Transmit Stall 0 interrupt is disabled. 


1: The Transmit Stall 0 interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will enable the Transmit bank 0 Stall interrupt. 


Bit 4 -— RXSTP: Received Setup Interrupt Enable 
0: The Received Setup interrupt is disabled. 


1: The Received Setup interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will enable the Received Setup interrupt. 


Bit 3 —- TRFAIL1: Transfer Fail bank 1 Interrupt Enable 

0: The Transfer Fail interrupt is disabled. 

1: The Transfer Fail interrupt is enabled. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will enable the Transfer Fail interrupt. 


Bit 3 - TRFAILO: Transfer Fail bank 0 Interrupt Enable 

0: The Transfer Fail interrupt is disabled. 

1: The Transfer Fail interrupt is enabled. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will enable the Transfer Fail interrupt. 
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e Bit 1-—TRCPT1: Transfer Complete bank 1 interrupt Enable 
0: The Transfer Complete bank 1 interrupt is disabled. 
1: The Transfer Complete bank 1 interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will enable the Transfer Complete 0 interrupt. 


e Bit 0-—TRCPTO: Transfer Complete bank 0 interrupt Enable 
0: The Transfer Complete bank 0 interrupt is disabled. 


1: The Transfer Complete bank 0 interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will enable the Transfer Complete 1 interrupt. 
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30.8.4 Device Registers - Endpoint RAM 


30.8.4.1 Endpoint Descriptor structure 


Atmel 


ug Jo}duoseq 


03F Jo}dioseq 








Data Buffers 


EPn BK1 

<_—§ 
EPn BKO 

<< —_—_— 





Endpoint 
descriptors 







STATUS_BK 


Reserved 
PCKSIZE 
ADDR 
Reserved 
STATUS_BK 
EXTREG 
PCKSIZE 














ADDR 2 x OxnO 





(2 x OxmO) + 0x10 





Reserved +0x01B 
STATUS_BK +0x01A 
Reserved +0x018 
PCKSIZE +0x014 
+0x010 

Reserved +0x00B 
STATUS_BK +0x00A 
+0x008 

PCKSIZE +0x004 
+0x000 
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30.8.4.2 Address of Data Buffer 


Name: ADDR 
Offset: 0x00 & 0x10 
Reset: OXXXXXXXX 
Property: NA 
Bit 31 30 29 28 27 26 25 24 
: 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset xX Xx xX x x x x x 
Bit 23 22 21 20 19 18 17 16 
: 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset Xx Xx xX x x x x x 
Bit 15 14 13 12 11 10 9 8 
; 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset xX xX xX x x x x x 
Bit ri 6 5 4 3 2 1 0 
; 
Access R/W R/W R/W R/W R/W R/W R R 
Reset xX xX X x x x x 
e Bits 31:0 - ADDR[31:0]: Data Pointer Address Value 


These bits define the data pointer address as an absolute word address in RAM.The two least significant bits 
must be zero to ensure the start address is 32-bit aligned. 
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30.8.4.3 Packet Size 


Bit 


+3 


Access 


Reset 


Bit 
+2 
Access 


Reset 


Bit 
+1 
Access 


Reset 


Bit 
+0 
Access 


Reset 


Atmel 


Name: PCKSIZE 
Offset: 0x04 & 0x14 
Reset: OXXXXXXXXX 
Property: NA 
31 30 29 28 27 26 25 24 


R/W R/W R/W R/W R/W R/W R/W 


R/W 
x 
23 


22 21 20 19 18 17 16 


MULTI_PACKET_SIZE[9:2] 


R/W R/W R/W R/W R/W R/W R/W R/W 
X X X X X X X X 
15 14 13 12 11 10 9 8 


MULTI_PACKET_SIZE[1:0] BYTE-COUNT[13:8] 


R/W R/W R/W R/W R/W R/W R/W R/W 
X X X X X X X X 
7 6 5 4 3 2 1 0 


BYTE_COUNT|[7:0] 


R/W R/W R/W R/W R/W R/W R/W R/W 
X X X X X X X X 


Bit 31 - AUTO_ZLP: Automatic Zero Length Packet 

This bit defines the automatic Zero Length Packet mode of the endpoint. 

0: Automatic Zero Length Packet is disabled. 

1: Automatic Zero Length Packet is enabled. 

When enabled, the USB module will manage the ZLP handshake by hardware. This bit is for IN endpoints only. 
When disabled the handshake should be managed by firmware. 


Bits 30:28 — SIZE: Endpoint size 
These bits contains the maximum packet size of the endpoint. 
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Table 30-12. Endpoint Size 





1745 7-0) | Description 


























0x0 8 Byte 

Ox1 16 Byte 

0x2 32 Byte 

0x3 64 Byte 

0x4 128 Byte 
Ox5 256 Byte (1) 
Ox6 512 Byte (1) 
Ox7 1023 Byte (1) 











1. for Isochronous endpoints only. 


Atmel 


Bits 27:14 - MULTI_PACKET_SIZE: Multiple Packet Size 

These bits define the 14-bit value that is used for multi-packet transfers. 

For IN endpoints, MULTI_PACKET_SIZE holds the total number of bytes sent. MULTI_PACKET_SIZE should 
be written to zero when setting up a new transfer. 


For OUT endpoints, MULTI_PACKET_SIZE holds the total data size for the complete transfer. This value must 
be a multiple of the maximum packet size. 


Bits 13:0 - BYTE_COUNT: Byte Count 
These bits define the 14-bit value that is used for the byte count. 
For IN endpoints, BYTE_COUNT holds the number of bytes to be sent in the next IN transaction. 


For OUT endpoint or SETUP endpoints, BYTE_COUNT holds the number of bytes received upon the last OUT 
or SETUP transaction. 
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30.8.4.4 Extended Register 


Name: EXTREG 
Offset: 0x08 
Reset: OXXXXXXXX 
Property: NA 
Bit 15 14 13 12 11 10 9 8 
a a 
Access R R/W R/W R/W R/W R/W R/W R/W 
Reset x x x x x x x x 
Bit 7 6 5 4 3 2 1 0 


+0 VARIABLE[3:0] SUBPID[3:0] 


Access 


Reset 


R/W R/W R/W R/W R/W R/W R/W R/W 
X X X X X X X X 


Bits 15 — Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bits 14:4 —- VARIABLE: VARIABLE 

These bits define the VARIABLE field of a received extended token.These bits are updated when the USB has 
answered by an handshake token ACK to a LPM transaction. See Section 2.1.1 Protocol Extension Token in 
the reference document “ENGINEERING CHANGE NOTICE, USB 2.0 Link Power Management Addendum’. 
To support the USB2.0 Link Power Management addition the VARIABLE field should be read as described 
below. 


Table 30-13. VARIABLE bit fields for LPM application 


VARIABLE[3:0] bLinkState (1) 
VARIABLE[7:4] | BESL (2) 

VARIABLE[8] | bRemoteWake (1) 

VARIABLE[10:9] | Reserved 


Atmel 


(1) for a definition of LPM Token bRemoteWake and bLinkState fields, refer to "Table 2-3 in the reference document ENGINEERING CHANGE 
NOTICE, USB 2.0 Link Power Management Addendum". 

(2) for a definition of LPM Token BESL field, refer to "Table 2-3 in the reference document ENGINEERING CHANGE NOTICE, USB 2.0 Link Power 
Management Addendum" and "Table X-X1 in Errata for ECN USB 2.0 Link Power Management. 


Bits 3:0 - SUBPID: SUBPID 

These bits define the SUBPID field of a received extended token.These bits are updated when the USB has 
answered by an handshake token ACK to a LPM transaction. See Section 2.1.1 Protocol Extension Token in 
the reference document “ENGINEERING CHANGE NOTICE, USB 2.0 Link Power Management Addendum’. 
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30.8.4.5 Device Status Bank 


Name: STATUS_BK 
Offset: Ox0A & Ox1A 
Reset: OXXXXXXXX 
Property: NA 


Bit 


Access 


Reset 


7 


6 5 4 3 2 1 0 
R/W R/W R/W R/W R/W R/W R/W 


R/W 
X X X X X X X X 


Bits 7:2 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bit 1 - ERROFLOW: Error Flow Status 

This bit defines the Error Flow Status. 

0: No Error Flow detected. 

1: A Error Flow has been detected. 

This bit is set when a Error Flow has been detected during transfer from/towards this bank. 

For OUT transfer, a NAK handshake has been sent. 

For Isochronous OUT transfer, an overrun condition has occurred. 

For IN transfer, this bit is not valid. ERSTATUS.TRFAILO and EPSTATUS.TRFAIL1 should reflect the flow 
errors. 


Bit 0 — CRCERR: CRC Error 

This bit defines the CRC Error Status. 

0: No CRC Error. 

1: CRC Error detected. 

This bit is set when a CRC error has been detected in an isochronous OUT endpoint bank. 


Bits 7:4 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bits 2:0 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


Bits 7:6 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits 
to zero when this register is written. These bits will always return zero when read. 


BINTERVAL Description 


=0 








>0 





Multiple consecutive OUT token is sent in the same frame until it is acked by the peripheral | 
One OUT token is sent every BINTERVAL frame until it is acked by the peripheral | 
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31. 


31.1 


31.2 


ADC — Analog-to-Digital Converter 


Overview 


The Analog-to-Digital Converter (ADC) converts analog signals to digital values. The ADC has 12-bit resolution, and is 
capable of converting up to 350ksps. The input selection is flexible, and both differential and single-ended 
measurements can be performed. An optional gain stage is available to increase the dynamic range. In addition, 
several internal signal inputs are available. The ADC can provide both signed and unsigned results. 


ADC measurements can be started by either application software or an incoming event from another peripheral in the 
device. ADC measurements can be started with predictable timing, and without software intervention. 


Both internal and external reference voltages can be used. 


An integrated temperature sensor is available for use with the ADC. The bandgap voltage as well as the scaled I/O 
and core voltages can also be measured by the ADC. 


The ADC has a compare function for accurate monitoring of user-defined thresholds, with minimum software 
intervention required. 


The ADC may be configured for 8-, 10- or 12-bit results, reducing the conversion time. ADC conversion results are 
provided left- or right-adjusted, which eases calculation when the result is represented as a signed value. It is possible 
to use DMA to move ADC results directly to memory or peripherals when conversions are done. 


Features 
e 8-, 10- or 12-bit resolution 
e Up to 350,000 samples per second (350ksps) 
e Differential and single-ended inputs 

e Up to 32 analog inputs 

e 25 positive and 10 negative, including internal and external 

e Five internal inputs 
Bandgap 
Temperature sensor 
DAC 
Scaled core supply 
Scaled I/O supply 
1/2x to 16x gain 


Single, continuous and pin-scan conversion options 
Windowing monitor with selectable channel 


Conversion range: 

© Vier [1V to Vopana - 0.6V] 

e ADCx* GAIN [0V to -V,e5] 
e Built-in internal reference and external reference options 
e Four bits for reference selection 
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Event-triggered conversion for accurate timing (one event input) 

Optional DMA transfer of conversion result 

Hardware gain and offset compensation 

Averaging and oversampling with decimation to support, up to 16-bit result 


Selectable sampling time 


31.3. Block Diagram 


Figure 31-1. ADC Block Diagram 
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31.4 Signal Description 























Signal Name Type Description 
VREFA Analog input External reference voltage A 
VREFB Analog input External reference voltage B 
ADC[19..0]"”) Analog input Analog input channels 
Note: at Refer to “Configuration Summary” on page 3 for details on exact number of analog input channels. 


Refer to “I/O Multiplexing and Considerations’ on page 13 for details on the pin mapping for this peripheral. One 
signal can be mapped on several pins. 
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31.5 Product Dependencies 
In order to use this peripheral, other parts of the system must be configured correctly, as described below. 
31.5.1 I/O Lines 
Using the ADC's I/O lines requires the I/O pins to be configured using the port configuration (PORT). 
Refer to “PORT” on page 378 for details. 
31.5.2 Power Management 
The ADC will continue to operate in any sleep mode where the selected source clock is running. The ADC’s interrupts 
can be used to wake up the device from sleep modes. The events can trigger other operations in the system without 
exiting the sleep modes. Refer to “PIM — Power Manager” on page 110 for details on the different sleep modes. 
31.5.3 Clocks 
The ADC bus clock (CLK_ADC_APB) can be enabled and disabled in the Power Manager, and the default state of 
CLK_ADC_APB can be found in the Table 15-1. 
A generic clock (GCLK_ADC) is required to clock the ADC. This clock must be configured and enabled in the Generic 
Clock Controller (GCLK) before using the ADC. Refer “GCLK — Generic Clock Controller” on page 88 for details. 
This generic clock is asynchronous to the bus clock (CLK_ADC_APB). Due to this asynchronicity, writes to certain 
registers will require synchronization between the clock domains. Refer to “Synchronization” on page 780 for further 
details. 
31.5.4 DMA 
The DMA request lines are connected to the DMA controller (DMAC). Using the ADC DMA requests, requires the 
DMA controller to be configured first. Refer ro “DIMAC — Direct Memory Access Controller” on page 271 for details. 
31.5.5 Interrupts 
The interrupt request line is connected to the interrupt controller. Using ADC interrupts requires the interrupt controller 
to be configured first. Refer to “Nested Vector Interrupt Controller” on page 26 for details. 
31.5.6 Events 
Events are connected to the Event System. Refer to “EVSYS — Event System” on page 405 for details. 
31.5.7 Debug Operation 
When the CPU is halted in debug mode, the ADC will halt normal operation. The ADC can be forced to continue 
operation during debugging. Refer to the Debug Control register (DBGCTRL) for details. 
31.5.8 Register Access Protection 
All registers with write-access are optionally write-protected by the Peripheral Access Controller (PAC), except the 
following register: 
e Interrupt Flag Status and Clear register (INTFLAG) 
Write-protection is denoted by the Write-Protection property in the register description. 
When the CPU is halted in debug mode or the CPU reset is extended, all write-protection is automatically disabled. 
Write-protection does not apply for accesses through an external debugger. Refer to “PAC — Peripheral Access 
Controller” on page 30 for details. 
31.5.9 Analog Connections 
I/O-pins AINO to AIN19 as well as the VREFA/VREFB reference voltage pin are analog inputs to the ADC. 
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31.5.10 Calibration 


The values BIAS CAL and LINEARITY_CAL from the production test must be loaded from the NVM Software 
Calibration Area into the ADC Calibration register (CALIB) by software to achieve specified accuracy. 


Refer to “NVM Software Calibration Row Mapping” on page 24 for more details. 


31.6 Functional Description 


31.6.1 Principle of Operation 


By default, the ADC provides results with 12-bit resolution. 8-bit or 10-bit results can be selected in order to reduce the 
conversion time. The ADC has an oversampling with decimation option that can extend the resolution to 16 bits. The 
input values can be either internal (e.g., internal temperature sensor) or external (connected I/O pins). The user can 
also configure whether the conversion should be single-ended or differential. 


31.6.2 Basic Operation 


31.6.2.1 Initialization 


Before enabling the ADC, the asynchronous clock source must be selected and enabled, and the ADC reference must 
be configured. The first conversion after the reference is changed must not be used. All other configuration registers 
must be stable during the conversion. The source for GCLK_ADC is selected and enabled in the System Controller 
(SYSCTRL). Refer to “SYSCTRL — System Controller’ on page 143 for more details. 


When GCLK_ADC is enabled, the ADC can be enabled by writing a one to the Enable bit in the Control Register A 
(CTRLA.ENABLE). 


31.6.2.2 Enabling, Disabling and Reset 


The ADC is enabled by writing a one to the Enable bit in the Control A register (CTRLA.ENABLE). The ADC is 
disabled by writing a zero to CTRLA.ENABLE. 


The ADC is reset by writing a one to the Software Reset bit in the Control A register (CTRLA.SWRST). All registers in 
the ADC, except DBGCTRL, will be reset to their initial state, and the ADC will be disabled. Refer to the CTRLA 
register for details. 


The ADC must be disabled before it is reset. 


31.6.2.3 Basic Operation 


In the most basic configuration, the ADC sample values from the configured internal or external sources (INPUTCTRL 
register). The rate of the conversion is dependent on the combination of the GCLK_ADC frequency and the clock 
prescaler. 


To convert analog values to digital values, the ADC needs first to be initialized, as described in “Initialization” on page 
771. Data conversion can be started either manually, by writing a one to the Start bit in the Software Trigger register 
(SWTRIG.START), or automatically, by configuring an automatic trigger to initiate the conversions. A free-running 
mode could be used to continuously convert an input channel. There is no need for a trigger to start the conversion. It 
will start automatically at the end of previous conversion. 


The automatic trigger can be configured to trigger on many different conditions. 


The result of the conversion is stored in the Result register (RESULT) as it becomes available, overwriting the result 
from the previous conversion. 


To avoid data loss if more than one channel is enabled, the conversion result must be read as it becomes available 
(INTFLAG.RESRDY). Failing to do so will result in an overrun error condition, indicated by the OVERRUN bit in the 
Interrupt Flag Status and Clear register (INTFLAG.OVERRUN). 


To use an interrupt handler, the corresponding bit in the Interrupt Enable Set register (INTENSET) must be written to 
one. 
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31.6.3 Prescaler 
The ADC is clocked by GCLK_ADC. There is also a prescaler in the ADC to enable conversion at lower clock rates. 


Refer to CTRLB for details on prescaler settings. 


Figure 31-2. ADC Prescaler 





GCLK_ADC 9-BIT PRESCALER 









CTRLB.PRESCALER[2:0] 


CLK_ADC 


The propagation delay of an ADC measurement depends on the selected mode and is given by: 
e  Single-shot mode: 


, Resolution 


1 5) + DelayGain 
PropagationDelay = 
FCLK—ADC 
e  Free-running mode: 
Resolution + BelyGan 
; 2 
PropagationDelay = 
SCLK ADC 
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Table 31-1. 


Delay Gain 
DTV F-WaCr-110 (10m Ol GB Om ad -1 a (ole) 


Free-running mode 


Single shot mode 



























































NN ETuars) INTPUTCTRL.GAIN[3:0] Differential Mode Single-Ended Mode _ Differential mode | Single-Ended mode 

1X 0x0 0 0 0 1 

2x 0x1 0 1 0.5 1.5 

4X Ox2 1 1 1 2 

8X 0x3 1 2 1.5 2.5 

16X 0x4 2 2 2 3 

Reserved Ox5 ... OxE Reserved Reserved Reserved Reserved 

DIV2 OxF 0 1 0.5 1.5 

31.6.4 ADC Resolution 
The ADC supports 8-bit, 10-bit and 12-bit resolutions. Resolution can be changed by writing the Resolution bit group 
in the Control B register (CTRLB.RESSEL). After a reset, the resolution is set to 12 bits by default. 

31.6.5 Differential and Single-Ended Conversions 
The ADC has two conversion options: differential and single-ended. When measuring signals where the positive input 
is always at a higher voltage than the negative input, the single-ended conversion should be used in order to have full 
12-bit resolution in the conversion, which has only positive values. The negative input must be connected to ground. 
This ground could be the internal GND, IOGND or an external ground connected to a pin. Refer to INPUTCTRL for 
selection details. If the positive input may go below the negative input, creating some negative results, the differential 
mode should be used in order to get correct results. The configuration of the conversion is done in the Differential 
Mode bit in the Control B register (CTRLB.DIFFMODE). These two types of conversion could be run in single mode or 
in free-running mode. When set up in free-running mode, an ADC input will continuously sample and do new 
conversions. The INTFLAG.RESRDY bit will be set at the end of each conversion. 

31.6.5.1 Conversion Timing 


Atmel 


Figure 31-3 shows the ADC timing for a single conversion without gain. The writing of the ADC Start Conversion bit 
(SWTRIG.START) or Start Conversion Event In bit (EVCTRL.STARTEI) must occur at least one CLK_ADC_APB 
cycle before the CLK_ADC cycle on which the conversion starts. The input channel is sampled in the first half 
CLK_ADC period. The sampling time can be increased by using the Sampling Time Length bit group in the Sampling 
Time Control register (SAMPCTRL.SAMPLEN). Refer to Figure 31-4 for example on increased sampling time. 
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Figure 31-3. ADC Timing for One Conversion in Differential Mode without Gain 
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Figure 31-4. ADC Timing for One Conversion in Differential Mode without Gain, but with Increased Sampling Time 
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Figure 31-5. ADC Timing for Free Running in Differential Mode without Gain 
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Figure 31-6. ADC Timing for One Conversion in Single-Ended Mode without Gain 
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Figure 31-7. ADC Timing for Free Running in Single-Ended Mode without Gain 
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Converting Bit 


31.6.6 Accumulation 


The result from multiple consecutive conversions can be accumulated. The number of samples to be accumulated is 
specified by writing to the Number of Samples to be Collected field in the Average Control register 
(AVGCTRL.SAMPLENUM) as described in Table . When accumulating more than 16 samples, the result will be too 
large for the 16-bit RESULT register. To avoid overflow, the result is shifted right automatically to fit within the 16 
available bits. The number of automatic right shifts are specified in Table . Note that to be able to perform the 
accumulation of two or more samples, the Conversion Result Resolution field in the Control B register 
(CTRLB.RESSEL) must be written to one. 


Table 31-2. Accumulation 

















Number of AVGCTRL. Intermediate Number of Automatic Final Result | Automatic 
Accumulated Samples SAMPLENUM Result Precision Right Shifts Precision Division Factor 
0x0 12 bits 0 12 bits 0 
ox1 | 13 bits | 0 | 13 bits 0 
Ox2 | 14 bits | 0 | 14 bits 0 
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Table 31-2. Accumulation (Continued) 






































Number of AVGCTRL. Intermediate Number of Automatic | Final Result Automatic 
Accumulated Samples SAMPLENUM Result Precision Right Shifts Precision Division Factor 
8 0x3 15 bits 0 15 bits 0 

16 “ oxa 16 bits 0 16 bits (0 

32 Ox5 17 bits 1 16 bits 2 
64 0x6 18 bits 2 “bits 4 © 
128 Ox7 19 bits 3 16 bits 8 
256 Ox8 bits  § 4 16bits 16 

512 Ox9 21 bits 5 16 bits 32 

1024 Ox 22 bits 6 16 bits 64 

Reserved | OxB —OxF 12 bits 12 bits | 0 


























31.6.7 Averaging 


Averaging is a feature that increases the sample accuracy, though at the cost of reduced sample rate. This feature is 
suitable when operating in noisy conditions. Averaging is done by accumulating m samples, as described in 
“Accumulation” on page 775, and divide the result by m. The averaged result is available in the RESULT register. The 
number of samples to be accumulated is specified by writing to AVGCTRL.SAMPLENUM as described in Table . The 
division is obtained by a combination of the automatic right shift described above, and an additional right shift that 
must be specified by writing to the Adjusting Result/Division Coefficient field in AVGCTRL (AVGCTRL.ADJRES) as 
described in Table . Note that to be able to perform the averaging of two or more samples, the Conversion Result 
Resolution field in the Control B register (CTRLB.RESSEL) must be written to one. 

1 


Averaging AVGCTRL.SAMPLENUM samples will reduce the effective sample rate by AVGCTRLSAMPLENUM: 
When the required average is reached, the INTFLAG.RESRDY bit is set. 


Table 31-3. Averaging 






























































Number of Intermediate | Number of Nannee Final Automatic 
Accumulated | AVGCTRL. Result Automatic Division | AVGCTRL. | of Right Result Division 
Samples SAMPLENUM Precision Right Shifts Factor ADJRES Shifts Precision Factor 
1 0x0 12 bits 0 | 1 0x0 12 bits 0 
2 0x1 13 | 0 2 0x1 1 12 bits 0 
4 - = 0x2 4 0©=©=—S——té«‘CS CO 44 Ox2 2 12 biits 7 0 
| 8 0x3 15 0 8 0x3 3 | 12 bits 0 
16 0x4 16 0 16 0x4 4 12 bits 0 
32 0x5 17 1 16 0x4 5 12 bits 2 
64 “0x6 18 2 16 Ox |6 “12bits 4 
128 0x7 19 Sse — 16 0x4 7 12 bits 8 
256 Ox8 20 | 4 16 Ox4 8 “12bits 16 
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Table 31-3. Averaging (Continued) 

















Total 
Number of Intermediate | Number of Number Final Automatic 
Accumulated | AVGCTRL. Result Automatic Division | AVGCTRL. | of Right Result Division 
S¥-Tan] e) (2) SAMPLENUM Precision Right Shifts Factor ADJRES Shifts Precision Factor 
| 512 Ox9 21 5 16 - 0x4 9 12bits 32 | 
1024 - OxA | 22 6 16 - Oxd “10 12 bits 64 | 
| Reserved | OxB —OxF | | | | 0x0 | | 12 bits | 0 | 





31.6.8 Oversampling and Decimation 


By using oversampling and decimation, the ADC resolution can be increased from 12 bits to up to 16 bits. To increase 
the resolution by rn bits, 4° samples must be accumulated. The result must then be shifted right by rn bits. This right 
shift is a combination of the automatic right shift and the value written to AVGCTRL.ADJRES. To obtain the correct 
resolution, the ADJRES must be configured as described in the table below. This method will result in n bit extra LSB 
resolution. 


Table 31-4. Configuration Required for Oversampling and Decimation 














Number of 
Result Number of Samples Automatic Right 
Resolution to Average AVGCTRL.SAMPLENUM[3:0] | Shifts y\V(evous-1 Ve) 54-5) 7-H!) | 
13 bits 41=4 0x2 0 -oxt 
14 bits | 42=16 | Ox4 0 | Ox2 | 
15 bits 4° = 64 Ox6 2 0x1 
16 bits 44 = 256 | 0x8 4 | 0x0 | 














31.6.9 Window Monitor 


The window monitor allows the conversion result to be compared to some predefined threshold values. Supported 
modes are selected by writing the Window Monitor Mode bit group in the Window Monitor Control register 
(WINCTRL.WINMODE[2:0]). Thresholds are given by writing the Window Monitor Lower Threshold register (WINLT) 
and Window Monitor Upper Threshold register (WINUT). 


If differential input is selected, the WINLT and WINUT are evaluated as signed values. Otherwise they are evaluated 
as unsigned values. 


Another important point is that the significant WINLT and WINUT bits are given by the precision selected in the 
Conversion Result Resolution bit group in the Control B register (CTRLB.RESSEL). This means that if 8-bit mode is 
selected, only the eight lower bits will be considered. In addition, in differential mode, the eighth bit will be considered 
as the sign bit even if the ninth bit is zero. 


The INTFLAG.WINMON interrupt flag will be set if the conversion result matches the window monitor condition. 


31.6.10 Offset and Gain Correction 


Inherent gain and offset errors affect the absolute accuracy of the ADC. The offset error is defined as the deviation of 
the actual ADC’s transfer function from an ideal straight line at zero input voltage. The offset error cancellation is 
handled by the Offset Correction register (OFFSETCORR). The offset correction value is subtracted from the 
converted data before writing the Result register (RESULT). The gain error is defined as the deviation of the last 
output step’s midpoint from the ideal straight line, after compensating for offset error. The gain error cancellation is 
handled by the Gain Correction register (GAINCORR). To correct these two errors, the Digital Correction Logic 
Enabled bit in the Control B register (CTRLB.CORREN) must be written to one. 
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Offset and gain error compensation results are both calculated according to: 


Result = (Conversion value — OFFSETCORR) - GAINCORR 


In single conversion, a latency of 13 GCLK_ADC is added to the availability of the final result. Since the correction 
time is always less than the propagation delay, this latency appears in free-running mode only during the first 
conversion. After that, a new conversion will be initialized when a conversion completes. All other conversion results 
are available at the defined sampling rate. 


Figure 31-8. ADC Timing Correction Enabled 
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31.6.11 DMA, Interrupts and Events 


Table 31-5. Module Request for ADC 


DMA request is 
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Overrun Xx 

Window Monitor x x 

Synchronization 4 

Ready 

Start Conversion X 

ADC Flush x 


























31.6.11.1 DMA Operation 


The ADC generates the following DMA request: 
e Result Conversion Ready (RESRDY): the request is set when a conversion result is available and cleared when 
the RESULT register is read. When the averaging operation is enabled, the DMA request is set when the 
averaging is completed and result is available. 
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31.6.11.2 Interrupts 


The ADC has the following interrupt sources: 

e Result Conversion Ready: RESRDY. This is an asynchronous interrupt and can be used to wake-up the device 
from any sleep mode. 
Overrun: OVERRUN 
Window Monitor: WINMON. This is an asynchronous interrupt and can be used to wake-up the device from any 
sleep mode. 

e Synchronization Ready: SYNCRDY. This is an asynchronous interrupt and can be used to wake-up the device 
from any sleep mode. 


Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status and Clear 
register (INTFLAG) is set when the interrupt condition occurs. Each interrupt can be individually enabled by writing a 
one to the corresponding bit in the Interrupt Enable Set register (INTENSET), and disabled by writing a one to the 
corresponding bit in the Interrupt Enable Clear register (INTENCLR) register. An interrupt request is generated when 
the interrupt flag is set and the corresponding interrupt is enabled. The interrupt request remains active until the 
interrupt flag is cleared, the interrupt is disabled or the peripheral is reset. An interrupt flag is cleared by writing a one 
to the corresponding bit in the INTFLAG register. Each peripheral can have one interrupt request line per interrupt 
source or one common interrupt request line for all the interrupt sources. This is device dependent. 


Refer to “Nested Vector Interrupt Controller” on page 26 for details. If the peripheral has one common interrupt 
request line for all the interrupt sources, the user must read the INTFLAG register to determine which interrupt 
condition is present. 


31.6.11.3 Events 
The peripheral can generate the following output events: 
e Result Ready (RESRDY) 
e Window Monitor (WINMON) 


Output events must be enabled to be generated. Writing a one to an Event Output bit in the Event Control register 
(EVCTRL.xxEO) enables the corresponding output event. Writing a zero to this bit disables the corresponding output 
event. The events must be correctly routed in the Event System. Refer to “EVSYS — Event System” on page 405 for 
details. 


The peripheral can take the following actions on an input event: 
e ADC start conversion (START) 
e ADC conversion flush (FLUSH) 


Input events must be enabled for the corresponding action to be taken on any input event. Writing a one to an Event 
Input bit in the Event Control register (EVCTRL.xxEl) enables the corresponding action on the input event. Writing a 

zero to this bit disables the corresponding action on the input event. Note that if several events are connected to the 

peripheral, the enabled action will be taken on any of the incoming events. The events must be correctly routed in the 
Event System. Refer to “EVSYS — Event System” on page 405 for details. 


31.6.12 Sleep Mode Operation 


The Run in Standby bit in the Control A register (CTRLA.RUNSTDBY) controls the behavior of the ADC during 
standby sleep mode. When the bit is zero, the ADC is disabled during sleep, but maintains its current configuration. 
When 

the bit is one, the ADC continues to operate during sleep. Note that when RUNSTDBY is zero, the analog 

blocks are powered off for the lowest power consumption. This necessitates a start-up time delay when the system 
returns from sleep. 

When RUNSTDBY is one, any enabled ADC interrupt source can wake up the CPU. While the CPU is sleeping, ADC 
conversion can only be triggered by events. 
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31.6.13 Synchronization 
Due to the asynchronicity between CLK_ADC_APB and GCLK_ADC, some registers must be synchronized when 
accessed. A register can require: 
e Synchronization when written 
e Synchronization when read 
e Synchronization when written and read 
e No synchronization 
When executing an operation that requires synchronization, the Synchronization Busy bit in the Status register 


(STATUS.SYNCBUSY) will be set immediately, and cleared when synchronization is complete. The Synchronization 
Ready interrupt can be used to signal when synchronization is complete. 


If an operation that requires synchronization is executed while STATUS.SYNCBUSY is one, the bus will be stalled. All 
operations will complete successfully, but the CPU will be stalled and interrupts will be pending as long as the bus is 
stalled. 
The following bits need synchronization when written: 
e Software Reset bit in the Control A register (CTRLA.SWRST) 
e Enable bit in the Control A register (CTRLA.ENABLE) 
The following registers need synchronization when written: 
Control B (CTRLB) 
Software Trigger (SWTRIG) 
Window Monitor Control (WINCTRL) 
Input Control (INPUTCTRL) 
Window Upper/Lower Threshold (WINUT/WINLT) 


Write-synchronization is denoted by the Write-Synchronized property in the register description. 


The following registers need synchronization when read: 
e = Software Trigger (SWTRIG) 
e Input Control (INPUTCTRL) 
e Result (RESULT) 


Read-synchronization is denoted by the Read-Synchronized property in the register description. 
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31.7 Register Summary 


Table 31-6. Register Summary 
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0x00 CTRLA 7:0 RUNSTDBY ENABLE SWRST 
0x01 REFCTRL 7:0 REFCOMP. REFSEL[3:0] 
0x02 AVGCTRL 7:0 ADJRES[2:0] SAMPLENUM{[3:0] 
0x03 SAMPCTRL 7:0 SAMPLENJ[5:0] 
0x04 7:0 RESSEL[1:0] CORREN FREERUN LEFTADJ DIFFMODE 

CTRLB 
0x05 15:8 PRESCALER[2:0] 
0x06 Reserved 
0x07 Reserved 
0x08 WINCTRL 7:0 WINMODE[2:0] 
0x09 

= Reserved 
0x0B 
0x0C SWTRIG 7:0 START FLUSH 
0x0D 
me Reserved 
Ox0F 
0x10 7:0 MUXPOS[4:0] 
0x11 15:8 MUXNEG[4:0] 
|| INPUTCTRL 

0x12 23:16 INPUTOFFSET[3:0] INPUTSCAN[3:0] 
0x13 31:24 GAIN[3:0] 
0x14 EVCTRL 7:0 WINMONEO = RESRDYEO SYNCEI STARTEI 
0x15 Reserved 
0x16 INTENCLR 7:0 SYNCRDY WINMON OVERRUN RESRDY 
0x17 INTENSET 7:0 SYNCRDY WINMON OVERRUN RESRDY 
0x18 INTFLAG 7:0 SYNCRDY WINMON OVERRUN RESRDY 
0x19 STATUS 7:0 SYNCBUSY 
Ox1A 7:0 RESULT[7:0] 

RESULT 
0x1B 15:8 RESULT[15:8] 
0x1C 7:0 WINLT[7:0] 

es WINLT 

0x1D 15:8 WINLT[15:8] 
Ox1E Reserved 
Ox1F Reserved 
0x20 7:0 WINUT[7:0] 

WINUT 
0x21 15:8 WINUT[15:8] 
0x22 Reserved 
0x23 Reserved 
0x24 7:0 GAINCORRJ7:0] 

GAINCORR 
0x25 15:8 GAINCORR[11:8] 
0x26 OFFSETCOR 7:0 OFFSETCORR[7:0] 
0x27 R 15:8 OFFSETCORR[11:8] 
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Offset Name 





















































0x28 7:0 LINEARITY_CAL[7:0] 
CALIB 
0x29 15:8 BIAS_CAL[2:0] 
0x2A DBGCTRL 7:0 DBGRUN 
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31.8 Register Description 


Registers can be 8, 16 or 32 bits wide. Atomic 8-, 16- and 32-bit accesses are supported. In addition, the 8-bit quarters 
and 16-bit halves of a 32-bit register and the 8-bit halves of a 16-bit register can be accessed directly. 


Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Write-protection is denoted by 
the Write-Protected property in each individual register description. Refer to “Register Access Protection” on page 770 
for details. 


Some registers require synchronization when read and/or written. Synchronization is denoted by the Write-Synchronized 
or the Read-Synchronized property in each individual register description. Refer to “Synchronization” on page 780 for 
details. 


Some registers are enable-protected, meaning they can be written only when the ADC is disabled. Enable-protection is 
denoted by the Enable-Protected property in each individual register description. 
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31.8.1 ControlA 


Name: CTRLA 
Offset: 0x00 
Reset: 0x00 


Access: Read-Write 
Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 

a a 
Access R R R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 7:3 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 2- RUNSTDBY: Run in Standby 
This bit indicates whether the ADC will continue running in standby sleep mode or not: 
0: The ADC is halted during standby sleep mode. 
1: The ADC continues normal operation during standby sleep mode. 


e Bit 1- ENABLE: Enable 
0: The ADC is disabled. 
1: The ADC is enabled. 
Due to synchronization, there is a delay from writing CTRLA.ENABLE until the peripheral is enabled/disabled. The 
value written to CTRL.ENABLE will read back immediately and the Synchronization Busy bit in the Status register 
(STATUS.SYNCBUSY) will be set. STATUS.SYNCBUSY will be cleared when the operation is complete. 


e Bit 0 —- SWRST: Software Reset 
0: There is no reset operation ongoing. 
1: The reset operation is ongoing. 
Writing a zero to this bit has no effect. 
Writing a one to this bit resets all registers in the ADC, except DBGCTRL, to their initial state, and the ADC will be 
disabled. 
Writing a one to CTRL.SWRST will always take precedence, meaning that all other writes in the same write-oper- 
ation will be discarded. 
Due to synchronization, there is a delay from writing CTRLA.SWRST until the reset is complete. CTRLA.SWRST 
and STATUS.SYNCBUSY will both be cleared when the reset is complete. 
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31.8.2 Reference Control 


Name: REFCTRL 
Offset: 0x01 
Reset: 0x00 


Access: Read-Write 
Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 

se 
Access R/W R R R R/W R/W R/W R/W 
Reset 0 0 0 0 0 


e Bit 7-— REFCOMP: Reference Buffer Offset Compensation Enable 
The accuracy of the gain stage can be increased by enabling the reference buffer offset compensation. This will 
decrease the input impedance and thus increase the start-up time of the reference. 


0: Reference buffer offset compensation is disabled. 
1: Reference buffer offset compensation is enabled. 


e Bits 6:4 — Reserved 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 3:0 - REFSEL[3:0]: Reference Selection 


These bits select the reference for the ADC according to Table 31-7. 


Table 31-7. Reference Selection 

















REFSEL[3:0] Name Description 
0x0 INT1V 1.0V voltage reference 
0x1 INTVCCO 1/1.48 VDDANA 
0x2 INTVCC1 1/2 VDDANA (only for VDDANA > 2.0V) 
0x3 VREFA External reference 
0x4 VREFB External reference 
0x5-OxF Reserved 
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31.8.3 Average Control 


Name: AVGCTRL 
Offset: 0x02 
Reset: 0x00 


Access: Read-Write 
Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 

es 
Access R R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bit 7 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


e Bits 6:4 - ADJRES[2:0]: Adjusting Result / Division Coefficient 
These bits define the division coefficient in 2" steps. 


e Bits 3:0 - SAMPLENUM[3:0]: Number of Samples to be Collected 
These bits define how many samples should be added together. The result will be available in the Result register 
(RESULT). Note: if the result width increases, CTRLB.RESSEL must be changed. 


Table 31-8. Number of Samples to be Collected 


















































SAMPLENUMJ[3:0] Name Description 
0x0 1 1 sample 
Ox1 2 2 samples 
0x2 4 4 samples 
0x3 8 8 samples 
0x4 16 16 samples 
Ox5 32 32 samples 
Ox6 64 64 samples 
Ox7 128 128 samples 
0x8 256 256 samples 
0x9 512 512 samples 
OxA 1024 1024 samples 
OxB-OxF Reserved 
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31.8.4 Sampling Time Control 


Name: SAMPCTRL 
Offset: 0x03 
Reset: 0x00 


Access: Read-Write 


Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 
es 
Access R R R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
e Bits 7:6 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
e Bits 5:0 - SAMPLEN[5:0]: Sampling Time Length 


Atmel 


These bits control the ADC sampling time in number of half CLK_ADC cycles, depending of the prescaler value, 
thus controlling the ADC input impedance. Sampling time is set according to the equation: 


Cape) 


Sampling time = (SAMPLEN + 1)- ( 5) 
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31.8.5 Control B 

Name: CTRLB 

Offset: 0x04 

Reset: 0x0000 

Access: Read-Write 

Property: Write-Protected, Write-Synchronized 


Bit 15 14 13 12 11 10 9 8 
es 

Access R R R R R R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 
ee ee 

Access R R R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


e Bits 15:11 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 10:8 - PRESCALER[2:0]: Prescaler Configuration 
These bits define the ADC clock relative to the peripheral clock according to Table 31-9. These bits can only be 
written while the ADC is disabled. 


Table 31-9. Prescaler Configuration 























PRESCALER[2:0] Name Description 

0x0 DIV4 Peripheral clock divided by 4 

Ox1 DIV8 Peripheral clock divided by 8 

Ox2 DIV16 Peripheral clock divided by 16 

0x3 DIV32 Peripheral clock divided by 32 

0x4 DIV64 Peripheral clock divided by 64 

0x5 DIV128 Peripheral clock divided by 128 

Ox6 DIV256 Peripheral clock divided by 256 

Ox7 DIV512 Peripheral clock divided by 512 

















e Bits 7:6 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 


zero when this register is written. These bits will always return zero when read. 


e Bits 5:4 - RESSEL[1:0]: Conversion Result Resolution 
These bits define whether the ADC completes the conversion at 12-, 10- or 8-bit result resolution. These bits can 


be written only while the ADC is disabled. 
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Table 31-10. Conversion Result Resolution 

















RESSEL[1:0] Name Description 
0x0 12BIT 12-bit result 
Ox1 16BIT For averaging mode output 
0x2 10BIT 10-bit result 
0x3 8BIT 8-bit result 














Bit 3 - CORREN: Digital Correction Logic Enabled 
0: Disable the digital result correction. 


1: Enable the digital result correction. The ADC conversion result in the RESULT register is then corrected for gain 
and offset based on the values in the GAINCAL and OFFSETCAL registers. Conversion time will be increased by 
X cycles according to the value in the Offset Correction Value bit group in the Offset Correction register. 


This bit can be changed only while the ADC is disabled. 


Bit 2 - FREERUN: Free Running Mode 
0: The ADC run is single conversion mode. 


1: The ADC is in free running mode and a new conversion will be initiated when a previous conversion completes. 
This bit can be changed only while the ADC is disabled. 


Bit 1 -LEFTADJ: Left-Adjusted Result 

0: The ADC conversion result is right-adjusted in the RESULT register. 

1: The ADC conversion result is left-adjusted in the RESULT register. The high byte of the 12-bit result will be 
present in the upper part of the result register. Writing this bit to zero (default) will right-adjust the value in the 
RESULT register. 

This bit can be changed only while the ADC is disabled. 


Bit 0 - DIFFMODE: Differential Mode 

0: The ADC is running in singled-ended mode. 

1: The ADC is running in differential mode. In this mode, the voltage difference between the MUXPOS and MUX- 
NEG inputs will be converted by the ADC. 

This bit can be changed only while the ADC is disabled. 
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31.8.6 Window Monitor Control 


Name: WINCTRL 
Offset: 0x08 
Reset: 0x00 


Access: Read-Write 
Property: Write-Protected, Write-Synchronized 


Bit 7 6 5 4 3 2 1 0 

a a 
Access R R R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


ee. Bits 7:3 — Reserved 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 2:0 - WINMODE[2:0]: Window Monitor Mode 
These bits enable and define the window monitor mode. Table 31-11 shows the mode selections. 


Table 31-11. Window Monitor Mode 
































WINMODE[2:0] Name Description 
0x0 DISABLE No window mode (default) 
0x1 MODE1 Mode 1: RESULT > WINLT 
0x2 MODE2 Mode 2: RESULT < WINUT 
0x3 MODE3 Mode 3: WINLT < RESULT < WINUT 
0x4 MODE4 Mode 4: !(WINLT < RESULT < WINUT) 

0x5-0x7 Reserved 
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31.8.7 Software Trigger 


Name: SWTRIG 
Offset: 0x0C 
Reset: 0x00 


Access: Read-Write 


Property: Write-Protected, Write-Synchronized 


Bit 7 6 5 4 3 2 1 0 
ne = | 
Access R R R R R R R/W R/W 
Reset 0 0 0 0 0 0 0 0 
e Bits 7:2 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
e Bit 1- START: ADC Start Conversion 
0: The ADC will not start a conversion. 
1: The ADC will start a conversion. The bit is cleared by hardware when the conversion has started. Setting this bit 
when it is already set has no effect. 
Writing this bit to zero will have no effect. 
e Bit 0 - FLUSH: ADC Conversion Flush 


Atmel 


0: No flush action. 


1: The ADC pipeline will be flushed. A flush will restart the ADC clock on the next peripheral clock edge, and all 
conversions in progress will be aborted and lost. This bit is cleared until the ADC has been flushed. 


After the flush, the ADC will resume where it left off; i.e., if a conversion was pending, the ADC will start a new 
conversion. 
Writing this bit to zero will have no effect. 
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31.8.8 Input Control 
Name: INPUTCTRL 
Offset: 0x10 
Reset: 0x00000000 
Access: Read-Write 


Property: Write-Protected, Write-Synchronized 


Bit 31 30 29 28 27 26 25 24 
a 

Access R R R R R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 23 22 21 20 19 18 17 16 

Access R/W R/W R/W R/W R/W R/W R/W R/W 


Reset 
Bit 14 13 12 11 10 9 8 
Reset 


6 5 4 3 2 1 0 


R R R/W R/W R/W R/W R/W 


0 
15 
Access R R R R/W R/IW RIW R/W R/W 
0 
Bit 7 
Access R 
Reset 0 0 0 0 0 0 0 0 
e Bits 31:28 — Reserved 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 27:24 — GAIN[3:0]: Gain Factor Selection 
These bits set the gain factor of the ADC gain stage according to the values shown in Table 31-12. 


Table 31-12. Gain Factor Selection 


























feyN TS | Name Description 
0x0 1X 1x 
0x1 2X 2x 
Ox2 4x 4x 
0x3 8X 8x 
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feyN TS | DY =X-Yoq a |e) (eya) 
0x4 16X 16x 
Ox5-0xe | Reserved 
OxF | Div2 4/2x 





Bits 23:20 — INPUTOFFSET[3:0]: Positive Mux Setting Offset 

The pin scan is enabled when INPUTSCAN != 0. Writing these bits to a value other than zero causes the first con- 
version triggered to be converted using a positive input equal to MUXPOS + INPUTOFFSET. Setting this register 
to zero causes the first conversion to use a positive input equal to MUXPOS. 

After a conversion, the INPUTOFFSET register will be incremented by one, causing the next conversion to be 
done with the positive input equal to MUXPOS + INPUTOFFSET. The sum of MUXPOS and INPUTOFFSET gives 
the input that is actually converted. 


Bits 19:16 — INPUTSCANJ[3:0]: Number of Input Channels Included in Scan 

This register gives the number of input sources included in the pin scan. The number of input sources included is 
INPUTSCAN + 1. The input channels included are in the range from MUXPOS + INPUTOFFSET to MUXPOS + 
INPUTOFFSET + INPUTSCAN. 


The range of the scan mode must not exceed the number of input channels available on the device. 


Bits 15:13 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bits 12:8 - MUXNEG[4:0]: Negative Mux Input Selection 
These bits define the Mux selection for the negative ADC input. Table 31-13 shows the possible input selections. 


Table 31-13. Negative Mux Input Selection 



























































MUXNEG/[4:0] Name Description 
0x00 PINO ADC AINO pin 
0x01 PIN4 ADC AIN1 pin 
0x02 PIN2 ADC AIN2 pin 
0x03 PIN3 ADC AIN3 pin 
0x04 PIN4 ADC AIN4 pin 
0x05 PIN5 ADC AIN5 pin 
0x06 PIN6 ADC AIN6 pin 
0x07 PINT ADC AIN7 pin 
0x08 - 0x17 Reserved 
0x18 GND | Internal ground 
0x19 IOGND I/O ground 
“OxtA ; Ox1F ) Reserved ; 
e Bits 7:5 — Reserved 


Atmel 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
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e Bits 4:0 - MUXPOS[4:0]: Positive Mux Input Selection 
These bits define the Mux selection for the positive ADC input. Table 31-14 shows the possible input selections. If 
the internal bandgap voltage or temperature sensor input channel is selected, then the Sampling Time Length bit 
group in the Sampling Control register must be written with a corresponding value. 


Table 31-14. Positive Mux Input Selection 

































































MUXPOS[4:0] Group configuration DY =X-Yo df od (oy) 

0x00 PINO ADC AINO pin 

0x01 PIN1 ADC AIN1 pin 

0x02 PIN2 ADC AIN2 pin 

0x03 PIN3 ADC AIN3 pin 

0x04 PIN4 ADC AIN4 pin 

0x05 PIN5 ADC AIN5 pin 

0x06 PIN6 ADC AIN6 pin 

0x07 PIN7 ADC AIN7 pin 

0x08 PIN8 ADC AIN8 pin 

0x09 PIN9 ADC AIN9 pin 

Ox0A-0x17 Reserved 

0x18 TEMP Temperature reference 

0x19 BANDGAP. Bandgap voltage 

Ox1A SCALEDCOREVCC 1/4 scaled core supply 

0x1B SCALEDIOVCC 1/4 scaled I/O supply 

0xiC DAC DAC output 

0x1D-0x1F Reserved 
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31.8.9 Event Control 


Name: EVCTRL 
Offset: 0x14 
Reset: 0x00 


Access: Read-Write 


Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 
[=] WINMONEO | RESRDYEO ee eee SYNCEI STARTEI 

Access R R R/W R/W R R R/W R/W 

Reset 0 0 0 0 0 0 0 0 

e Bits 7:6 — Reserved 


Atmel 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bit 5 - WINMONEO: Window Monitor Event Out 
This bit indicates whether the Window Monitor event output is enabled or not and an output event will be gener- 
ated when the window monitor detects something. 


0: Window Monitor event output is disabled and an event will not be generated. 
1: Window Monitor event output is enabled and an event will be generated. 


Bit 4 - RESRDYEO: Result Ready Event Out 
This bit indicates whether the Result Ready event output is enabled or not and an output event will be generated 
when the conversion result is available. 


0: Result Ready event output is disabled and an event will not be generated. 
1: Result Ready event output is enabled and an event will be generated. 


Bits 3:2 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bit 1 - SYNCEI: Synchronization Event In 
0: A flush and new conversion will not be triggered on any incoming event. 
1: A flush and new conversion will be triggered on any incoming event. 


Bit 0 - STARTEI: Start Conversion Event In 
0: A new conversion will not be triggered on any incoming event. 
1: Anew conversion will be triggered on any incoming event. 
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31.8.10 Interrupt Enable Clear 


Name: INTENCLR 
Offset: 0x16 
Reset: 0x00 


Access: Read-Write 
Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 

i a a oe 
Access R R R R R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes in this register 
will also be reflected in the Interrupt Enable Set register (INTENSET). 


e Bits 7:4 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 3- SYNCRDY: Synchronization Ready Interrupt Enable 
0: The Synchronization Ready interrupt is disabled. 
1: The Synchronization Ready interrupt is enabled, and an interrupt request will be generated when the Synchroni- 
zation Ready interrupt flag is set. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Synchronization Ready Interrupt Enable bit and the corresponding interrupt 
request. 


e Bit 2—WINMON: Window Monitor Interrupt Enable 
0: The window monitor interrupt is disabled. 
1: The window monitor interrupt is enabled, and an interrupt request will be generated when the Window Monitor 
interrupt flag is set. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Window Monitor Interrupt Enable bit and the corresponding interrupt request. 


e Bit 1- OVERRUN: Overrun Interrupt Enable 
0: The Overrun interrupt is disabled. 
1: The Overrun interrupt is enabled, and an interrupt request will be generated when the Overrun interrupt flag is 
set. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Overrun Interrupt Enable bit and the corresponding interrupt request. 


e Bit 0 -RESRDY: Result Ready Interrupt Enable 
0: The Result Ready interrupt is disabled. 
1: The Result Ready interrupt is enabled, and an interrupt request will be generated when the Result Ready inter- 
rupt flag is set. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Result Ready Interrupt Enable bit and the corresponding interrupt request. 
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31.8.11 Interrupt Enable Set 


Name: INTENSET 
Offset: 0x17 
Reset: 0x00 


Access: Read-Write 


Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 

i a oe 
Access R R R R R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes in this register 
will also be reflected in the Interrupt Enable Clear register (INTENCLR). 
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Bits 7:4 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bit 3 - SYNCRDY: Synchronization Ready Interrupt Enable 

0: The Synchronization Ready interrupt is disabled. 

1: The Synchronization Ready interrupt is enabled. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will set the Synchronization Ready Interrupt Enable bit, which enables the Synchronization 
Ready interrupt. 


Bit 2 —- WINMON: Window Monitor Interrupt Enable 

0: The Window Monitor interrupt is disabled. 

1: The Window Monitor interrupt is enabled. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will set the Window Monitor Interrupt bit and enable the Window Monitor interrupt. 


Bit 1 - OVERRUN: Overrun Interrupt Enable 
0: The Overrun interrupt is disabled. 


1: The Overrun interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Overrun Interrupt bit and enable the Overrun interrupt. 


Bit 0 - RESRDY: Result Ready Interrupt Enable 
0: The Result Ready interrupt is disabled. 


1: The Result Ready interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Result Ready Interrupt bit and enable the Result Ready interrupt. 


Atmel | SMART SAM D11 [DATASHEET] 797 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





31.8.12 Interrupt Flag Status and Clear 


Name: INTFLAG 

Offset: 0x18 

Reset: 0x00 

Access: Read-Write 

Property:  - 
Bit 7 6 5 4 3 2 1 0 

es a oo oe 

Access R R R R R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 7:4 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 3 -SYNCRDY: Synchronization Ready 
This flag is cleared by writing a one to the flag. 


This flag is set on a one-to-zero transition of the Synchronization Busy bit in the Status register (STATUS.SYNC- 
BUSY), except when caused by an enable or software reset, and will generate an interrupt request if 
INTENCLR/SET.SYNCRDY is one. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Synchronization Ready interrupt flag. 


e Bit 2—WINMON: Window Monitor 
This flag is cleared by writing a one to the flag or by reading the RESULT register. 


This flag is set on the next GCLK_ADC cycle after a match with the window monitor condition, and an interrupt 
request will be generated if INTENCLR/SET.WINMON is one. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Window Monitor interrupt flag. 


e Bit 1- OVERRUN: Overrun 
This flag is cleared by writing a one to the flag. 


This flag is set if RESULT is written before the previous value has been read by CPU, and an interrupt request will 
be generated if INTENCLR/SET.OVERRUN is one. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Overrun interrupt flag. 


e Bit 0 -RESRDY: Result Ready 
This flag is cleared by writing a one to the flag or by reading the RESULT register. 


This flag is set when the conversion result is available, and an interrupt will be generated if INTEN- 
CLR/SET.RESRDY is one. 


Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Result Ready interrupt flag. 
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31.8.13 Status 
Name: STATUS 
Offset: 0x19 
Reset: 0x00 
Access: Read-Only 


Property: - 
Bit 7 6 5 4 3 2 1 0 
| ey rr rr 
Access R R R R R R R R 
Reset 0 


e Bit 7-—SYNCBUSY: Synchronization Busy 
This bit is cleared when the synchronization of registers between the clock domains is complete. 


This bit is set when the synchronization of registers between clock domains is started. 


e Bits 6:0 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
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31.8.14 Result 
Name: RESULT 
Offset: Ox1A 
Reset: 0x0000 
Access: Read-Only 
Property: Read-Synchronized 


Bit 15 14 13 12 11 10 9 8 
Access R R R R R R R R 
Reset 0 
Bit 7 6 5 4 3 2 1 0 
Access R R R R R R R R 
Reset 0 


e Bits 15:0 - RESULT[15:0]: Result Conversion Value 
These bits will hold up to a 16-bit ADC result, depending on the configuration. 
In single-ended without averaging mode, the ADC conversion will produce a 12-bit result, which can be left- or 
right-shifted, depending on the setting of CTRLB.LEFTADJ. 
If the result is left-adjusted (CTRLB.LEFTADJ), the high byte of the result will be in bit position [15:8], while the 
remaining 4 bits of the result will be placed in bit locations [7:4]. This can be used only if an 8-bit result is required; 
i.e., one can read only the high byte of the entire 16-bit register. 
If the result is not left-adjusted (CTRLB.LEFTADJ) and no oversampling is used, the result will be available in bit 
locations [11:0], and the result is then 12 bits long. 
If oversampling is used, the result will be located in bit locations [15:0], depending on the settings of the Average 
Control register (AVGCTRL). 
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31.8.15 Window Monitor Lower Threshold 
Name: WINLT 
Offset: 0x1C 
Reset: 0x0000 
Access: Read-Write 
Property: Write-Protected, Write-Synchronized 


Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 15:0 - WINLT[15:0]: Window Lower Threshold 
If the window monitor is enabled, these bits define the lower threshold value. 
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31.8.16 Window Monitor Upper Threshold 
Name: WINUT 
Offset: 0x20 
Reset: 0x0000 
Access: Read-Write 
Property: Write-Protected, Write-Synchronized 


Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 15:0 - WINUT[15:0]: Window Upper Threshold 
If the window monitor is enabled, these bits define the upper threshold value. 
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31.8.17 Gain Correction 
Name: GAINCORR 
Offset: 0x24 
Reset: 0x0000 
Access: Read-Write 
Property: Write-Protected 


Bit 15 14 13 12 11 10 9 8 
es a 

Access R R R R R/W R/W R/W R/W 

Reset 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


e Bits 15:12 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 11:0 - GAINCORR[11:0]: Gain Correction Value 
If the CTRLB.CORREN bit is one, these bits define how the ADC conversion result is compensated for gain error 
before being written to the result register. The gaincorrection is a fractional value, a 1-bit integer plusan 11-bit frac- 
tion, and therefore 1/2 <= GAINCORR < 2. GAINCORR values range from 0.10000000000 to 1.11111111111. 


Atmel | SMART SAM D11 [DATASHEET 803 
Atmel | 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





31.8.18 Offset Correction 
Name: OFFSETCORR 
Offset: 0x26 
Reset: 0x0000 
Access: Read-Write 
Property: Write-Protected 


Bit 15 14 13 12 11 10 9 8 
a 

Access R R R R R/W R/W R/W R/W 

Reset 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


e Bits 15:12 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 11:0 - OFFSETCORR[11:0]: Offset Correction Value 
If the CTRLB.CORREN bit is one, these bits define how the ADC conversion result is compensated for offset error 
before being written to the Result register. This OFFSETCORR value is in two's complement format. 
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31.8.19 Calibration 
Name: CALIB 
Offset: 0x28 
Reset: 0x0000 
Access: Read-Write 
Property: Write-Protected 


Bit 15 14 13 12 11 10 9 8 
a 

Access R R R R R R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 

Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0 


e Bits 15:11 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 10:8 - BIAS_CAL[2:0]: Bias Calibration Value 
This value from production test must be loaded from the NVM software calibration area into the CALIB register by 
software to achieve the specified accuracy. 


The value must be copied only, and must not be changed. 


e Bits 7:0 - LINEARITY_CAL[7:0]: Linearity Calibration Value 
This value from production test must be loaded from the NVM software calibration area into the CALIB register by 
software to achieve the specified accuracy. 


The value must be copied only, and must not be changed. 
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31.8.20 Debug Control 


Name: DBGCTRL 
Offset: 0x2A 
Reset: 0x00 


Access: Read-Write 
Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 

ee ee ee ee 
Access R R R R R R R R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 7:1 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 0-— DBGRUN: Debug Run 
0: The ADC is halted during debug mode. 


1: The ADC continues normal operation during debug mode. 
This bit can be changed only while the ADC is disabled. 
This bit should be written only while a conversion is not ongoing. 
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32. 


32.1 


32.2 


AC - Analog Comparators 


Overview 


The Analog Comparator (AC) supports two individual comparators. Each comparator (COMP) compares the voltage 
levels on two inputs, and provides a digital output based on this comparison. Each comparator may be configured to 
generate interrupt requests and/or peripheral events upon several different combinations of input change. 


Hysteresis and propagation delay are two important properties of the comparators; dynamic behavior. Both 
parameters may be adjusted to achieve the optimal operation for each application. 


The input selection includes four shared analog port pins and several internal signals. Each comparator output state 
can also be output on a pin for use by external devices. 


The comparators are always grouped in pairs on each port. The AC module may implement one pair. These are 
called Comparator 0 (COMPO) and Comparator 1 (COMP'1). They have identical behaviors, but separate control 
registers. The pair can be set in window mode to compare a signal to a voltage range instead of a single voltage level. 


Features 
e Two individual comparators 
e Selectable propagation delay versus current consumption 


e Selectable hysteresis 
e On/Off 
e Analog comparator outputs available on pins 
e Asynchronous or synchronous 
e Flexible input selection 
Four pins selectable for positive or negative inputs 
Ground (for zero crossing) 
Bandgap reference voltage 
64-level programmable Vppana scaler per comparator 
e DAC 
e Interrupt generation on: 
e Rising or falling edge 
e Toggle 
e End of comparison 
e Window function interrupt generation on: 
e Signal above window 
e Signal inside window 
e Signal below window 
e Signal outside window 
e Event generation on: 
e Comparator output 
e Window function inside/outside window 
e Optional digital filter on comparator output 


Low-power option 
e Single-shot support 
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32.3. Block Diagram 


Figure 32-1. Analog Comparator Block Diagram 
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32.4 Signal Description 


Signal Name Type Description 


| AIN{3..0] | Analog input | Comparator inputs | 





| CMP{[1..0] | Digital output | Comparator outputs | 





Refer to “I/O Multiplexing and Considerations” on page 13 for details on the pin mapping for this peripheral. One 
signal can be mapped on several pins. 


32.5 Product Dependencies 


In order to use this peripheral, other parts of the system must be configured correctly, as described below. 


32.5.1 I/O Lines 
Using the AC’s I/O lines requires the I/O pins to be configured. Refer to the PORT chapter for details. 
Refer to “PORT” on page 378 for details. 


32.5.2 Power Management 


The AC will continue to operate in any sleep mode where the selected source clock is running. The AC’s interrupts 
can be used to wake up the device from sleep modes. The events can trigger other operations in the system without 
exiting sleep modes. Refer to “PIM — Power Manager” on page 110 for details on the different sleep modes. 
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32.5.3 


32.5.4 


32.5.5 


32.5.6 


32.5.7 


32.5.8 


32.5.9 


Clocks 


The AC bus clock (CLK_AC_APB) can be enabled and disabled in the Power Manager, and the default state of the 
CLK_AC_APB can be found in the Peripheral Clock Masking section of “PIM — Power Manager” on page 110. 


Two generic clocks (GCLK_AC_DIG and GCLK_AC_ANA) are used by the AC. The digital clock (GCLK_AC_DIG) is 
required to provide the sampling rate for the comparators, while the analog clock (GCLK_AC_ANA) is required for 
low-voltage operation (Vppana < 2.5V) to ensure that the resistance of the analog input multiplexors remains low. 
These clocks must be configured and enabled in the Generic Clock Controller before using the peripheral. 


Refer to “GCLK — Generic Clock Controller’ on page 88 for details. 


These generic clocks are asynchronous to the CLK_AC_APB clock. Due to this asynchronicity, writes to certain 
registers will require synchronization between the clock domains. Refer to “Synchronization” on page 818 for further 
details. 


DMA 
Not applicable. 


Interrupts 


The interrupt request line is connected to the Interrupt Controller. Using the AC interrupts requires the Interrupt 
Controller to be configured first. Refer to “Nested Vector Interrupt Controller” on page 26 for details. 


Events 


The events are connected to the Event System. Using the events requires the Event System to be configured first. 
Refer to “EVSYS — Event System” on page 405 for details. 


Debug Operation 


When the CPU is halted in debug mode, the peripheral continues normal operation. If the peripheral is configured in a 
way that requires it to be periodically serviced by the CPU through interrupts or similar, improper operation or data 
loss may result during debugging. 


Register Access Protection 


All registers with write-access are optionally write-protected by the Peripheral Access Controller (PAC), except the 
following registers: 

e Control B register (CTRLB) 

e Interrupt Flag register (INTFLAG) 
Write-protection is denoted by the Write-Protected property in the register description. 


Write-protection does not apply for accesses through an external debugger. Refer to “PAC — Peripheral Access 
Controller” on page 30 for details. 


Analog Connections 


Each comparator has up to four I/O pins that can be used as analog inputs. Each pair of comparators shares the 
same four pins. These pins must be configured for analog operation before using them as comparator inputs. 


Any internal reference source, such as a bandgap reference voltage or the DAC, must be configured and enabled 
prior to its use as a comparator input. 


32.5.10 Other Dependencies 


Not applicable. 
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32.6 Functional Description 


32.6.1. Principle of Operation 


Each comparator has one positive input and one negative input. Each positive input may be chosen from a selection 
of analog input pins. Each negative input may be chosen from a selection of analog input pins or internal inputs, such 
as a bandgap reference voltage. The digital output from the comparator is one when the difference between the 
positive and the negative input voltage is positive, and zero otherwise. 

The individual comparators can be used independently (normal mode) or grouped in pairs to generate a window 
comparison (window mode). 


32.6.2 Basic Operation 


32.6.2.1 Initialization 


Before enabling the AC, the input and output events must be configured in the Event Control register (EVCTRL). 
These settings cannot be changed while the AC is enabled. 
Each individual comparator must also be configured by its respective Comparator Control register (COMPCTRLO) 
before that comparator is enabled. These settings cannot be changed while the comparator is enabled. 
e Select the desired measurement mode with COMPCTRLx.SINGLE. See “Starting a Comparison” on 
page 810 for more details 
e Select the desired hysteresis with COMPCTRLx.HYST. See “Input Hysteresis” on page 814 for more 
details 
e Select the comparator speed versus power with COMPCTRLx.SPEED. See “Propagation Delay vs. 
Power Consumption” on page 814 for more details 
e Select the interrupt source with COMPCTRLx.INTSEL 
e Select the positive and negative input sources with the COMPCTRLx.MUXPOS and 
COMPCTRLx.MUXNEG bits. See section “Selecting Comparator Inputs” on page 812 for more details 
e Select the filtering option with COMPCTRLx.FLEN 


32.6.2.2 Enabling, Disabling and Resetting 
The AC is enabled by writing a one to the Enable bit in the Control A register (CTRLA.ENABLE). The individual 
comparators must be also enabled by writing a one to the Enable bit in the Comparator x Control registers 
(COMPCTRLx.ENABLE). The AC is disabled by writing a zero to CTRLA.ENABLE. This will also disable the individual 
comparators, but will not clear their COMPCTRLx.ENABLE bits. 
The AC is reset by writing a one to the Software Reset bit in the Control A register (CTRLA.SWRST). All registers in 
the AC, except DEBUG, will be reset to their initial state, and the AC will be disabled. Refer to the CTRLA register for 
details. 


32.6.2.3 Starting a Comparison 

Each comparator channel can be in one of two different measurement modes, determined by the Single bit in the 
Comparator x Control register (COMPCTRLx.SINGLE): 

e Continuous measurement 

e Single-shot 
After being enabled, a start-up delay is required before the result of the comparison is ready. This start-up time is 
measured automatically to account for environmental changes, such as temperature or voltage supply level, and is 
specified in “Electrical Characteristics” on page 858. 


During the start-up time, the COMP output is not available. If the supply voltage is below 2.5V, the start-up time is also 
dependent on the voltage doubler. If the supply voltage is guaranteed to be above 2.5V, the voltage doubler can be 
disabled by writing the Low-Power Mux bit in the Control A register (CTRLA.LPMUX) to one. 
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The comparator can be configured to generate interrupts when the output toggles, when the output changes from zero 
to one (rising edge), when the output changes from one to zero (falling edge) or at the end of the comparison. An end- 
of-comparison interrupt can be used with the single-shot mode to chain further events in the system, regardless of the 
state of the comparator outputs. The interrupt mode is set by the Interrupt Selection bit group in the Comparator 
Control register (COMPCTRLx.INTSEL). Events are generated using the comparator output state, regardless of 
whether the interrupt is enabled or not. 


Continuous Measurement 


Continuous measurement is selected by writing COMPCTRLx.SINGLE to Zero. In continuous mode, the comparator 
is continuously enabled and performing comparisons. This ensures that the result of the latest comparison is always 
available in the Current State bit in the Status A register (STATUSA.STATEx). After the start-up time has passed, a 
comparison is done and STATUSA is updated. The Comparator x Ready bit in the Status B register 
(STATUSB.READY«x) is set, and the appropriate peripheral events and interrupts are also generated. New 
comparisons are performed continuously until the COMPCTRLx.ENABLE bit is written to zero. The start-up time 
applies only to the first comparison. 


In continuous operation, edge detection of the comparator output for interrupts is done by comparing the current and 
previous sample. The sampling rate is the GCLK_AC_DIG frequency. An example of continuous measurement is 
shown in Figure 32-2. 


Figure 32-2. Continuous Measurement Example 
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For low-power operation, comparisons can be performed during sleep modes without a clock. The comparator is 
enabled continuously, and changes in the state of the comparator are detected asynchronously. When a toggle 
occurs, the Power Manager will start GCLK_AC_DIG to register the appropriate peripheral events and interrupts. The 
GCLK_AC_DIG clock is then disabled again automatically, unless configured to wake up the system from sleep. 


Single-Shot 


Single-shot operation is selected by writing COMPCTRLx.SINGLE to one. During single-shot operation, the 
comparator is normally idle. The user starts a single comparison by writing a one to the respective Start Comparison 
bit in the write-only Control B register (CTRLB.STARTx). The comparator is enabled, and after the start-up time has 
passed, a single comparison is done and STATUSA is updated. Appropriate peripheral events and interrupts are also 
generated. No new comparisons will be performed. 


Writing a one to CTRLB.STARTx also clears the Comparator x Ready bit in the Status B register 
(STATUSB.READYx). STATUSB.READY«x is set automatically by hardware when the single comparison has 
completed. To remove the need for polling, an additional means of starting the comparison is also available. A read of 
the Status C register (STATUSC) will start a comparison on all comparators currently configured for single-shot 
operation. The read will stall the bus until all enabled comparators are ready. If a comparator is already busy with a 
comparison, the read will stall until the current comparison is compete, and a new comparison will not be started. 


A single-shot measurement can also be triggered by the Event System. Writing a one to the Comparator x Event Input 
bit in the Event Control Register (EVCTRL.COMPEIx) enables triggering on incoming peripheral events. Each 
comparator can be triggered independently by separate events. Event-triggered operation is similar to user-triggered 
operation; the difference is that a peripheral event from another hardware module causes the hardware to 
automatically start the comparison and clear STATUSB.READY*x. 
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32.6.3 


32.6.4 


To detect an edge of the comparator output in single-shot operation for the purpose of interrupts, the result of the 
current measurement is compared with the result of the previous measurement (one sampling period earlier). An 
example of single-shot operation is shown in Figure 32-3. 


Figure 32-3. Single-Shot Example 
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For low-power operation, event-triggered measurements can be performed during sleep modes. When the event 
occurs, the Power Manager will start GCLK_AC_DIG. The comparator is enabled, and after the startup time has 
passed, a comparison is done and appropriate peripheral events and interrupts are also generated. The comparator 
and GCLK_AC_DIG are then disabled again automatically, unless configured to wake up the system from sleep. 


Selecting Comparator Inputs 


Each comparator has one positive and one negative input. The positive input is fed from an external input pin (AINx). 
The negative input can be fed either from an external input pin (AINx) or from one of the several internal reference 
voltage sources common to all comparators. The user selects the input source as follows: 
e The positive input is selected by the Positive Input MUX Select bit group in the Comparator Control 
register (COMPCTRLx.MUXPOS) 
e The negative input is selected by the Negative Input MUX Select bit group in the Comparator Control 
register (COMPCTRLx.MUXNEG) 


In the case of using an external I/O pin, the selected pin must be configured for analog usage in the PORT Controller 
by disabling the digital input and output. The switching of the analog input multiplexors is controlled to minimize 
crosstalk between the channels. The input selection must be changed only while the individual comparator is 
disabled. 


Window Operation 


Each comparator pair can be configured to work together in window mode. In this mode, a voltage range is defined, 
and the comparators give information about whether an input signal is within this range or not. Window mode is 
enabled by the Window Enable x bit in the Window Control register (WINCTRL.WENx). Both comparators in a pair 
must have the same measurement mode setting in their respective Comparator Control Registers 
(COMPCTRLx.SINGLE). 


To physically configure the pair of comparators for window mode, the same I/O pin should be chosen for each 
comparator’s positive input to create the shared input signal. The negative inputs define the range for the window. In 
Figure 32-4, COMPO defines the upper limit and COMP1 defines the lower limit of the window, as shown but the 
window will also work in the opposite configuration with COMPO lower and COMP1 higher. The current state of the 
window function is available in the Window x State bit group of the Status register (STATUS.WSTATEx). 


Window mode can be configured to generate interrupts when the input voltage changes to below the window, when 
the input voltage changes to above the window, when the input voltage changes into the window or when the input 
voltage changes outside the window. The interrupt selections are set by the Window Interrupt Selection bit group in 
the Window Control register (WINCTRL.WINTSELx[1:0]). Events are generated using the inside/outside state of the 
window, regardless of whether the interrupt is enabled or not. Note that the individual comparator outputs, interrupts 
and events continue to function normally during window mode. 
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When the comparators are configured for window mode and single-shot mode, measurements are performed 
simultaneously on both comparators. Writing a one to either Start Comparison bit in the Control B register 
(CTRLB.STARTx) starts a measurement. Likewise either peripheral event can start a measurement. 


Figure 32-4. Comparators in Window Mode 
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32.6.5 Voltage Doubler 


The AC contains a voltage doubler that can reduce the resistance of the analog multiplexors when the supply voltage 
is below 2.5V. The voltage doubler is normally switched on/off automatically based on the supply level. When 
enabling the comparators, additional start-up time is required for the voltage doubler to settle. If the supply voltage is 
guaranteed to be above 2.5V, the voltage doubler can be disabled by writing the Low-Power Mux bit in the Control A 
register (CTRLA.LPMUX) to one. Disabling the voltage doubler saves power and reduces the start-up time. 


32.6.6 Voppana Scaler 


The Vopana scaler generates a reference voltage that is a fraction of the device’s supply voltage, with 64 levels. One 
independent voltage channel is dedicated for each comparator. The scaler is enabled when a comparator’s Negative 
Input Mux bit group in its Comparator Control register (COMPCTRLx.MUXNEG) is set to five and the comparator is 
enabled. The voltage of each channel is selected by the Value bit group in the Scaler x registers 
(SCALERx.VALUE[5:0)). 
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Figure 32-5. VDDANA Scaler 
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32.6.7 Input Hysteresis 


Application software can selectively enable/disable hysteresis for the comparison. Applying hysteresis will help 
prevent constant toggling of the output, which can be caused by noise when the input signals are close to each other. 
Hysteresis is enabled for each comparator individually by the Hysteresis Mode bit in the Comparator x Control register 
(COMPCTRLx.HYST). Hysteresis is available only in continuous mode (COMPCTRLx.SINGLE=0). 


32.6.8 Propagation Delay vs. Power Consumption 


It is possible to trade off comparison speed for power efficiency to get the shortest possible propagation delay or the 
lowest power consumption. The speed setting is configured for each comparator individually by the Speed bit group in 
the Comparator x Control register (COMPCTRLx.SPEED). The Speed bits select the amount of bias current provided 
to the comparator, and as such will also affect the start-up time. 


32.6.9 Filtering 


The output of the comparators can be digitally filtered to reduce noise using a simple digital filter. The filtering is 
determined by the Filter Length bits in the Comparator Control x register (COMPCTRLx.FLEN), and is independent for 
each comparator. Filtering is selectable from none, 3-bit majority (N=3) or 5-bit majority (N=5) functions. Any change 
in the comparator output is considered valid only if N/2+1 out of the last N samples agree. The filter sampling rate is 
the CLK_AC frequency scaled by the prescaler setting in the Control A register (CTRLA.PRESCALER). 


Note that filtering creates an additional delay of N-1 sampling cycles from when a comparison is started until the 
comparator output is validated. For continuous mode, the first valid output will occur when the required number of filter 
samples is taken. Subsequent outputs will be generated every cycle based on the current sample plus the previous N- 
1 samples, as shown in Figure 32-6. For single-shot mode, the comparison completes after the Nth filter sample, as 
shown in Figure 32-7. 


Atmel | SMART SAM D11 [DATASHEET 814 
Atmel | 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





Figure 32-6. Continuous Mode Filtering 
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Figure 32-7. Single-Shot Filtering 
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During sleep modes, filtering is supported only for single-shot measurements. Filtering must be disabled if continuous 
measurements will be done during sleep modes, or the resulting interrupt/event may be generated incorrectly. 


32.6.10 Comparator Output 


The output of each comparator can be routed to an I/O pin by setting the Output bit group in the Comparator Control x 
register (COMPCTRLx.OUT). This allows the comparator to be used by external circuitry. Either the raw, non- 
synchronized output of the comparator or the CLK_AC-synchronized version, including filtering, can be used as the 
I/O signal source. The output appears on the corresponding CMP[x] pin. 


32.6.11 Offset Compensation 


The Swap bit in the Comparator Control registers (COMPCTRLx.SWAP) controls switching of the input signals to a 
comparator's positive and negative terminals. When the comparator terminals are swapped, the output signal from the 
comparator is also inverted, as shown in Figure 32-8. This allows the user to measure or compensate for the 
comparator input offset voltage. As part of the input selection, COMPCTRLx.SWAP can be changed only while the 
comparator is disabled. 


Figure 32-8. Input Swapping for Offset Compensation 
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32.7 Additional Features 
32.7.1 DMA Operation 
Not applicable. 
32.7.2 Interrupts 
The peripheral has the following interrupt sources: 
e Comparator: COMPO, COMP1(INTENCLR, INTSET, INTFLAG) 
e Window: WINO(INTENCLR, INTSET, INTFLAG) 
Comparator interrupts are generated based on the conditions selected by the Interrupt Selection bit group in the 
Comparator Control registers (COMPCTRLx.INTSEL). Window interrupts are generated based on the conditions 
selected by the Window Interrupt Selection bit group in the Window Control register (WINCTRL.WINTSEL[1:0)). 
Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status and Clear 
register (INTFLAG) is set when the interrupt condition occurs. Each interrupt can be individually enabled by writing a 
one to the corresponding bit in the Interrupt Enable Set register (INTENSET), and disabled by writing a one to the 
corresponding bit in the Interrupt Enable Clear register (INTENCLR). An interrupt request is generated when the 
interrupt flag is set and the corresponding interrupt is enabled. The interrupt request remains active until the interrupt 
flag is cleared, the interrupt is disabled or the peripheral is reset. An interrupt flag is cleared by writing a one to the 
corresponding bit in the INTFLAG register. 
Each peripheral can have one interrupt request line per interrupt source or one common interrupt request line for all 
the interrupt sources. If the peripheral has one common interrupt request line for all the interrupt sources, the user 
must read the INTFLAG register to determine which interrupt condition is present. 
For details on clearing interrupt flags, refer to the INTFLAG register description. 
Note that interrupts must be globally enabled for interrupt requests to be generated. Refer to “Nested Vector Interrupt 
Controller’ on page 26 for details. 
32.7.3 Events 
The peripheral can generate the following output events: 
e Comparator: COMPEOO, COMPEO1(EVCTRL) 
e Window: WINEOO(EVCTRL) 
Output events must be enabled to be generated. Writing a one to an Event Output bit in the Event Control register 
(EVCTRL.COMPEOx) enables the corresponding output event. Writing a zero to this bit disables the corresponding 
output event. The events must be correctly routed in the Event System. Refer to “EVSYS — Event System” on page 
405 for details. 
The peripheral can take the following actions on an input event: 
e  Single-shot measurement 
e  Single-shot measurement in window mode 
Input events must be enabled for the corresponding action to be taken on any input event. Writing a one to an Event 
Input bit in the Event Control register (EVCTRL.COMPEIx) enables the corresponding action on input event. Writing a 
zero to a bit disables the corresponding action on input event. Note that if several events are connected to the 
peripheral, the enabled action will be taken on any of the incoming events. The events must be correctly routed in the 
Event System. Refer to “EVSYS — Event System” on page 405 for details. 
When EVCTRL.COMPEIx is one, the event will start a comparison on COMPx after the start-up time delay. In normal 
mode, each comparator responds to its corresponding input event independently. For a pair of comparators in window 
mode, either comparator event will trigger a comparison on both comparators simultaneously. 
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32.7.4 Sleep Mode Operation 


The Run in Standby bit in the Control A register (CTRLA.RUNSTDBY) controls the behavior of the AC during standby 
sleep mode. When the bit is zero, the comparator pair is disabled during sleep, but maintains its current configuration. 
When the bit is one, the comparator pair continues to operate during sleep. Note that when RUNSTDBY is zero, the 
analog blocks are powered off for the lowest power consumption. This necessitates a start-up time delay when the 
system returns from sleep. 


When RUNSTDBY is one, any enabled AC interrupt source can wake up the CPU. While the CPU is sleeping, single- 
shot comparisons are only triggerable by events. The AC can also be used during sleep modes where the clock used 
by the AC is disabled, provided that the AC is still powered (not in shutdown). In this case, the behavior is slightly 
different and depends on the measurement mode, as listed in Table 32-1. 


Table 32-1. Sleep Mode Operation 


COMPCTRLx.MODE RUNSTDBY=0 RUNSTDBY=1 





0 (Continuous) COMPx disabled GCLK_AC_DIG stopped, COMPx enabled 





GCLK_AC_DIG stopped, COMPx enabled only 


te ingle!) Orel lah i) when triggered by an input event 





32.7.4.1. Continuous Measurement during Sleep 


When a comparator is enabled in continuous measurement mode and GCLK_AC_DIG is disabled during sleep, the 
comparator will remain continuously enabled and will function asynchronously. The current state of the comparator is 
asynchronously monitored for changes. If an edge matching the interrupt condition is found, GCLK_AC_DIG is started 
to register the interrupt condition and generate events. If the interrupt is enabled in the Interrupt Enable registers 
(INTENCLR/SET), the AC can wake up the device; otherwise GCLK_AC_DIG is disabled until the next edge 
detection. Filtering is not possible with this configuration. 


Figure 32-9. Continuous Mode SleepWalking 
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32.7.4.2  Single-Shot Measurement during Sleep 


For low-power operation, event-triggered measurements can be performed during sleep modes. When the event 
occurs, the Power Manager will start GCLK_AC_DIG. The comparator is enabled, and after the start-up time has 
passed, a comparison is done, with filtering if desired, and the appropriate peripheral events and interrupts are also 
generated, as shown in Figure 32-10 The comparator and GCLK_AC_DIG are then disabled again automatically, 
unless configured to wake the system from sleep. Filtering is allowed with this configuration. 


Figure 32-10.Single-Shot SleepWalking 
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32.7.5 Synchronization 
Due to the asynchronicity between CLK_MODULE_APB and GCLK_MODULE, some registers must be synchronized 
when accessed. A register can require: 
e = Synchronization when written 
e Synchronization when read 
e Synchronization when written and read 
e No synchronization 


When executing an operation that requires synchronization, the Synchronization Busy bit in the Status register 
(STATUS.SYNCBUSY) will be set immediately, and cleared when synchronization is complete. 


If an operation that requires synchronization is executed while STATUS.SYNCBUSY is one, the bus will be stalled. All 
operations will complete successfully, but the CPU will be stalled and interrupts will be pending as long as the bus is 
stalled. 
The following bits need synchronization when written: 

e Software Reset bit in Control A register (CTRLA.SWRST) 

e Enable bit in Control A register (CTRLA.ENABLE) 

e Enable bit in Comparator Control register (COMPCTRLn.ENABLE) 
The following register need synchronization when written: 

e Window Control register (WINCTRL) 


Refer to the Synchronization chapter for further details. 
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32.8 Register Summary 


Table 32-2. Register Summary 


























































































































Bit 
Offset Name Pos. 
0x00 CTRLA 7:0 LPMUX RUNSTDBY ENABLE SWRST 
0x01 CTRLB 7:0 START1 STARTO 
0x02 7:0 WINEOO COMPEO1 COMPEOO 
|__| EVCTRL 
0x03 15:8 COMPEI1 COMPEIO 
0x04 INTENCLR 7:0 WINO COMP1 COMPO 
0x05 INTENSET 7:0 WINO COMP1 COMPO 
0x06 INTFLAG 7:0 WINO COMP1 COMPO 
0x07 Reserved 
0x08 STATUSA 7:0 WSTATEO[1:0] STATE1 STATEO 
0x09 STATUSB 7:0 SYNCBUSY READY1 READYO 
Ox0A STATUSC 7:0 WSTATEO[1:0] STATE1 STATEO 
0x0B Reserved 
0x0C WINCTRL 7:0 WINTSELO[1:0] WENO 
0x0D 
ue Reserved 
OxOF 
0x10 7:0 INTSEL[1:0] SPEED[1:0] SINGLE ENABLE 
0x11 15:8 SWAP MUXPOS[1:0] MUXNEG[2:0] 
t————, COMPCTRLO 
0x12 23:16 HYST OUT[1:0] 
0x13 31:24 FLEN[2:0] 
0x14 7:0 INTSEL[1:0] SPEED[1:0] SINGLE ENABLE 
0x15 15:8 SWAP MUXPOS[1:0] MUXNEG[2:0] 
[| COMPCTRL1 
0x16 23:16 HYST OUT[1:0] 
0x17 31:24 FLEN[2:0] 
0x18 
oe Reserved 
Ox1F 
0x20 SCALERO 7:0 VALUE[5:0] 
0x21 SCALER1 7:0 VALUE[5:0] 
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32.9 Register Description 


Registers can be 8, 16 or 32 bits wide. Atomic 8-, 16- and 32-bit accesses are supported. In addition, the 8-bit quarters 
and 16-bit halves of a 32-bit register and the 8-bit halves of a 16-bit register can be accessed directly. 


Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Write-protection is denoted by 
the Write-Protected property in each individual register description. Refer to “Register Access Protection” on page 809 
for details. 


Some registers require synchronization when read and/or written. Synchronization is denoted by the Write-Synchronized 
or the Read-Synchronized property in each individual register description. Refer to “Synchronization” on page 818 for 
details. 


Some registers are enable-protected, meaning they can be written only when the AC is disabled. Enable-protection is 
denoted by the Enable-Protected property in each individual register description. 
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32.9.1 ControlA 


Name: CTRLA 
Offset: 0x00 
Reset: 0x00 


Access: Read-Write 
Property: Write-Protected, Write-Synchronized 


Bit 7 6 5 4 3 2 1 0 
as 

Access R/W R R R R R/W R/W Ww 

Reset 0 0 0 0 0 0 0 0 


e Bit 7 -LPMUX: Low-Power Mux 
0: The analog input muxes have low resistance, but consume more power at lower voltages (e.g., are driven by the 
voltage doubler). 
1: The analog input muxes have high resistance, but consume less power at lower voltages (e.g., the voltage dou- 
bler is disabled). 
This bit is not synchronized 


e Bits 6:3 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 2—RUNSTDBY: Run in Standby 
This bit controls the behavior of the comparators during standby sleep mode. 


0: The comparator pair is disabled during sleep. 
1: The comparator pair continues to operate during sleep. 
This bit is not synchronized 


e Bit 1- ENABLE: Enable 
0: The AC is disabled. 
1: The AC is enabled. Each comparator must also be enabled individually by the Enable bit in the Comparator 
Control register (COMPCTRLn.ENABLE). 


Due to synchronization, there is delay from updating the register until the peripheral is enabled/disabled. The value 
written to CTRL.ENABLE will read back immediately after being written. STATUS.SYNCBUSY is set. STA- 
TUS.SYNCBUSY is cleared when the peripheral is enabled/disabled. 


e Bit 0 - SWRST: Software Reset 
0: There is no reset operation ongoing. 
1: The reset operation is ongoing. 
Writing a zero to this bit has no effect. 
Writing a one to this bit resets all registers in the AC to their initial state, and the AC will be disabled. 
Writing a one to CTRL.SWRST will always take precedence, meaning that all other writes in the same write-oper- 
ation will be discarded. 


Due to synchronization, there is a delay from writing CTRLA.SWRST until the reset is complete. CTRLA.SWRST 
and STATUS.SYNCBUSY will both be cleared when the reset is complete. 


Atmel | SMART SAM D11 [DATASHEET 821 
Atmel | 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





32.9.2 Control B 


Name: CTRLB 

Offset: 0x01 

Reset: 0x00 

Access: Write-Only 

Property: - 
Bit 7 6 5 4 3 2 1 0 

a = |e | 

Access R R R R R R Ww Ww 
Reset 0 0 0 0 0 0 0 0 


e Bits 7:2 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 1:0 - STARTx [x=1..0]: Comparator x Start Comparison 
Writing a zero to this field has no effect. 


Writing a one to STARTx starts a single-shot comparison on COMPx if both the Single-Shot and Enable bits in the 
Comparator x Control Register are one (COMPCTRLx.SINGLE and COMPCTRLx.ENABLE). If comparator x is 
not implemented, or if it is not enabled in single-shot mode, writing a one has no effect. 


This bit always reads as zero. 
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32.9.3 Event Control 

Name: EVCTRL 
Offset: 0x02 
Reset: 0x0000 
Access: Read-Write 


Property: Write-Protected 


Bit 15 14 13 12 11 10 9 8 
es 

Access R R R R R R R/W R/W 

Reset 0 0 0 0 0 0 0 0 

Bit 7 6 5 4 3 2 1 0 
a 

Access R R R R/W R R R/W R/W 

Reset 0 0 0 0 0 0 0 0 


e Bits 15:10 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 9:8 - COMPEIx [x=1..0]: Comparator x Event Input 
Note that several actions can be enabled for incoming events. If several events are connected to the peripheral, 
the enabled action will be taken for any of the incoming events. There is no way to tell which of the incoming 
events caused the action. 
These bits indicate whether a comparison will start or not on any incoming event. 
0: Comparison will not start on any incoming event. 
1: Comparison will start on any incoming event. 


e Bits 7:5 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 4- WINEO: Window x Event Output Enable 
These bits indicate whether the window x function can generate a peripheral event or not. 


0: Window x Event is disabled. 
1: Window x Event is enabled. 


e Bits 3:2 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 1:0 - COMPEOx [x=1..0]: Comparator x Event Output Enable 
These bits indicate whether the comparator x output can generate a peripheral event or not. 


0: COMPx event generation is disabled. 
1: COMPx event generation is enabled. 
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32.9.4 Interrupt Enable Clear 


Name: INTENCLR 
Offset: 0x04 
Reset: 0x00 


Access: Read-Write 
Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 

a 
Access R R R R/W R R R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes in this register 
will also be reflected in the Interrupt Enable Set register (INTENSET). 


e Bits 7:5 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 4- WIN: Window x Interrupt Enable 
Reading this bit returns the state of the Window x interrupt enable. 


0: The Window x interrupt is disabled. 
1: The Window x interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit disables the Window x interrupt. 


e Bits 3:2 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 1:0 - COMPx [x=1..0]: Comparator x Interrupt Enable 
Reading this bit returns the state of the Comparator x interrupt enable. 


0: The Comparator x interrupt is disabled. 

1: The Comparator x interrupt is enabled. 

Writing a zero to this bit has no effect. 

Writing a one to this bit disables the Comparator x interrupt. 
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32.9.5 


Interrupt Enable Set 
Name: INTENSET 
Offset: 0x05 
Reset: 0x00 


Access: Read-Write 
Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 

a 
Access R R R R/W R R R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes in this register 
will also be reflected in the Interrupt Enable Clear register (INTENCLR). 


e Bits 7:5 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 4- WIN: Window x Interrupt Enable 
Reading this bit returns the state of the Window x interrupt enable. 


0: The Window x interrupt is disabled. 
1: The Window x interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit enables the Window x interrupt. 


e Bits 3:2 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 1:0 - COMPx [x=1..0]: Comparator x Interrupt Enable 
Reading this bit returns the state of the Comparator x interrupt enable. 


0: The Comparator x interrupt is disabled. 

1: The Comparator x interrupt is enabled. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will set the Ready interrupt bit and enable the Ready interrupt. 
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32.9.6 Interrupt Flag Status and Clear 


Name: INTFLAG 
Offset: 0x06 
Reset: 0x00 
Access: Read-Write 
Property: - 

Bit 


7 6 5 4 3 2 1 0 
R R R R/W R R R/W R/W 


Reset 0 0 0 0 0 0 0 0 


Access 


e Bits 7:5 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 4- WIN: Window x 
This flag is set according to the Window x Interrupt Selection bit group in the WINCTRL register (WINC- 
TRL.WINTSELx) and will generate an interrupt if INTENCLR/SET.WIN«x is also one. 
Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Window x interrupt flag. 


e Bits 3:2 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 1:0 - COMPx [x=1..0]: Comparator x 
Reading this bit returns the status of the Comparator x interrupt flag. If comparator x is not implemented, COMPx 
always reads as zero. 
This flag is set according to the Interrupt Selection bit group in the Comparator x Control register (COMPC- 
TRLX.INTSEL) and will generate an interrupt if INTENCLR/SET.COMPx is also one. 
Writing a zero to this bit has no effect. 
Writing a one to this bit clears the Comparator x interrupt flag. 
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32.9.7 Status A 


Name: STATUSA 

Offset: 0x08 

Reset: 0x00 

Access: Read-Only 

Property: - 
Bit 7 6 5 4 3 2 1 0 

es 

Access R R R R R R R R 
Reset 0 


e Bits 7:6 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 5:4 - WSTATE0[1:0]: Window 0 Current State 
These bits show the current state of the signal if the window 0 mode is enabled, according to Table 32-3. If the win- 
dow 0 function is not implemented, WSTATEO always reads as zero. 


Table 32-3. Window 0 Current State 











WSTATEO[1:0] Name Description 
0x0 ABOVE Signal is above window 
0x1 INSIDE Signal is inside window 
0x2 BELOW Signal is below window 
0x3 Reserved 

















e Bits 3:2 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 1:0 - STATEx [x=1..0]: Comparator x Current State 
This bit shows the current state of the output signal from COMPx. STATEx is valid only when STATUSB.READYx 
is one. 
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32.9.8 Status B 
Name: STATUSB 
Offset: 0x09 
Reset: 0x00 
Access: Read-Only 


Property: - 
Bit 7 6 5 4 3 2 1 0 
os 
Access R R R R R R R R 
Reset 0 


e Bit 7-—SYNCBUSY: Synchronization Busy 
This bit is cleared when the synchronization of registers between the clock domains is complete. 


This bit is set when the synchronization of registers between clock domains is started. 


e Bits 6:2 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 1:0 - READYx [x=1..0]: Comparator x Ready 
This bit is cleared when the comparator x output is not ready. 


This bit is set when the comparator x output is ready. 
If comparator x is not implemented, READYx always reads as zero. 
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32.9.9 Status C 


Name: STATUSC 

Offset: Ox0A 

Reset: 0x00 

Access: Read-Only 

Property:  - 
Bit 7 6 5 4 3 2 1 0 

es 

Access R R R R R R R R 
Reset 0 


STATUSC is a copy of STATUSA (see STATUSA register), with the additional feature of automatically starting single- 
shot comparisons. A read of STATUSC will start a comparison on all comparators currently configured for single-shot 
operation. The read will stall the bus until all enabled comparators are ready. If a comparator is already busy with a 
comparison, the read will stall until the current comparison is compete, and a new comparison will not be started. 


e Bits 7:6 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 5:4 - WSTATE0[1:0]: Window 0 Current State 
These bits show the current state of the signal if the window 0 mode is enabled. If the window 0 function is not 
implemented, WSTATEO always reads as zero. 


Table 32-4. Window 0 Current State 











WSTATE0[1:0] Name Description 
0x0 ABOVE Signal is above window 
0x1 INSIDE Signal is inside window 
0x2 BELOW Signal is below window 
0x3 Reserved 

















e Bits 3:2 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 1:0 - STATEx [x=1..0]: Comparator x Current State 
This bit shows the current state of the output signal from COMPx. If comparator x is not implemented, STATEx 
always reads as zero. STATEx is only valid when STATUSB.READY«x is one. 
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32.9.10 Window Control 


Name: WINCTRL 
Offset: 0x0C 
Reset: 0x00 


Access: Read-Write 
Property: Write-Protected, Write-Synchronized 


Bit 7 6 5 4 3 2 1 0 

a 
Access R R R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 7:3 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 2:1 - WINTSELO[1:0]: Window 0 Interrupt Selection 
These bits configure the interrupt mode for the comparator window 0 mode. 


Table 32-5. Window 0 Interrupt Selection 











WINTSELO[1:0] Name Description 
0x0 ABOVE Interrupt on signal above window 
0x1 INSIDE Interrupt on signal inside window 
0x2 BELOW Interrupt on signal below window 
0x3 OUTSIDE Interrupt on signal outside window 

















e Bit 0 - WENO: Window 0 Mode Enable 
0: Window mode is disabled for comparators 0 and 1. 


1: Window mode is enabled for comparators O and 1. 
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32.9.11 Comparator Control n 
Name: COMPCTRLn 
Offset: 0x10+n*0x4 [n=0..1] 
Reset: 0x00000000 
Access: Read-Write 


Property: Write-Protected, Write-Synchronized 


Bit 31 30 29 28 27 26 25 24 
Access R R R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 23 22 21 20 19 18 17 16 
Access R R R R R/W R R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 15 14 13 12 11 10 9 8 


SWAP [] MUXPOS[1:0] [| MUXNEG[2:0] 


Access R R/W R/W R R/W R/W 


Bit 6 5 4 3 2 1 


Access 


R/W 
Reset 0 0 0 0 0 0 0 
7 
R 
0 


R/W R/W R R/W R/W R/W R/W 
0 0 


Reset 0 0 0 0 0 


The configuration of comparator n is protected while comparator n is enabled (COMPCTRLn.ENABLE=1). Changes to 
the other bits in COMPCTRLn can only occur when COMPCTRLn.ENABLE is zero. 


e Bits 31:27 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e = Bits 26:24 — FLEN[2:0]: Filter Length 
These bits configure the filtering for comparator n. COMPCTRLn.FLEN can only be written while COMPC- 
TRLn.ENABLE is zero. 


These bits are not synchronized. 
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Table 32-6. Filter Length 

















FLEN[2:0] Description 
0x0 OFF No filtering 
0x1 MAJ3 3-bit majority function (2 of 3) 
Ox2 MAJ5 5-bit majority function (3 of 5) 
0x3-0x7 Reserved 














Bits 23:20 — Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bit 19 - HYST: Hysteresis Enable 

This bit indicates the hysteresis mode of comparator n. Hysteresis is available only for continuous mode (COMPC- 
TRLn.SINGLE=0). COMPCTRLn.HYST can be written only while COMPCTRLn.ENABLE is zero. 

0: Hysteresis is disabled. 

1: Hysteresis is enabled. 

This bit is not synchronized 


Bit 18 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bits 17:16 — OUT[1:0]: Output 
These bits configure the output selection for comparator n. COMPCTRLn.OUT can be written only while COMPC- 
TRLn.ENABLE is zero. 


These bits are not synchronized. 


Table 32-7. Output 


























OUT[1:0] Name Description 
0x0 OFF The output of COMPn is not routed to the COMPn I/O port 
0x1 ASYNC The asynchronous output of COMPn is routed to the COMPn 1/O port 
Ox2 SYNC The synchronous output (including filtering) of COMPn is routed to the COMPn I/O port 
0x3 Reserved 
e Bit 15 - SWAP: Swap Inputs and Invert 


Atmel 


This bit swaps the positive and negative inputs to COMPn and inverts the output. This function can be used for off- 
set cancellation. COMPCTRLn.SWAP can be written only while COMPCTRLn.ENABLE is zero. 

0: The output of MUXPOS connects to the positive input, and the output of MUXNEG connects to the negative 
input. 

1: The output of MUXNEG connects to the positive input, and the output of MUXPOS connects to the negative 
input. 

This bit is not synchronized 

Bit 14 - Reserved 


This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 
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Bits 13:12 - MUXPOS[1:0]: Positive Input Mux Selection 
These bits select which input will be connected to the positive input of comparator n. COMPCTRLn.MUXPOS can 
be written only while COMPCTRLn.ENABLE is zero. 


These bits are not synchronized. 


Table 32-8. Positive Input Mux Selection 














MUXPOS[1:0] Name | DY=X-Yoq a |e) d (ey) 
0x0 PINO /O pin O 
0x1 PIN1 /O pin 1 
0x2 PIN2 V/O pin 2 
0x3 PIN3 /O pin 3 














Bit 11 — Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bits 10:8 - MUXNEG[2:0]: Negative Input Mux Selection 
These bits select which input will be connected to the negative input of comparator n. COMPCTRLn.MUXNEG can 
only be written while COMPCTRLn.ENABLE is zero. 


These bits are not synchronized. 


Table 32-9. Negative Input Mux Selection 






































Value Name Description 
0x0 PINO 1/0 pin O 
0x1 PIN4 /O pin 1 
0x2 PIN2 1/0 pin 2 
0x3 PIN3 1/0 pin 3 
0x4 GND Ground 
0x5 VSCALE Vppana scaler 
Ox6 BANDGAP Internal bandgap voltage 
0x7 DAC DAC output 
e Bit 7 - Reserved 


Atmel 


This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bits 6:5 — INTSEL[1:0]: Interrupt Selection 
These bits select the condition for comparator n to generate an interrupt or event. COMPCTRLn.INTSEL can be 
written only while COMPCTRLn.ENABLE is zero. 


These bits are not synchronized. 


Atmel | SMART SAM D11 [DATASHEET] 833 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





Table 32-10. Interrupt Selection 

















INTSEL[1:0] Name Description 
0x0 TOGGLE Interrupt on comparator output toggle 
0x1 RISING Interrupt on comparator output rising 
0x2 FALLING Interrupt on comparator output falling 
0x3 EOC Interrupt on end of comparison (single-shot mode only) 














Bit 4 —- Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


Bits 3:2 - SPEED[1:0]: Speed Selection 
This bit indicates the speed/propagation delay mode of comparator n. COMPCTRLn.SPEED can be written only 
while COMPCTRLn.ENABLE is zero. 


These bits are not synchronized. 


Table 32-11. Speed Selection 











oS) od mt mt BD) BO Description 
0x0 | LOW | Low speed 
Ox1 HIGH | High speed 
0x2-0x3 | | Reserved 





Bit 1 - SINGLE: Single-Shot Mode 

This bit determines the operation of comparator n. COMPCTRLn.SINGLE can be written only while COMPC- 
TRLn.ENABLE is zero. 

0: Comparator n operates in continuous measurement mode. 

1: Comparator n operates in single-shot mode. 

This bit is not synchronized 


Bit 0 - ENABLE: Enable 

Writing a zero to this bit disables comparator n. 

Writing a one to this bit enables comparator n. 

After writing to this bit, the value read back will not change until the action initiated by the writing is complete. Due 
to synchronization, there is a latency of at least two GCLK_AC_DIG clock cycles from updating the register until 
the comparator is enabled/disabled. The bit will continue to read the previous state while the change is in progress. 
Writing a one to COMPCTRLn.ENABLE will prevent further changes to the other bits in COMPCTRLn. These bits 
remain protected until COMPCTRLn.ENABLE is written to zero and the write is synchronized. 
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32.9.12 Scaler n 
Name: SCALERn 
Offset: 0x20+n*0x1 [n=0..1] 
Reset: 0x00 
Access: Read-Write 
Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 

gg 
Access R R R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 7:6 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bits 5:0 - VALUE[5:0]: Scaler Value 
These bits define the scaling factor for channel n of the Vpp voltage scaler. The output voltage, Vscare, is: 


Vpp: (VALUE + 1) 
V SCALE = i, °°~ 
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33. DAC — Digital-to-Analog Converter 


33.1 Overview 


The Digital-to-Analog Converter (DAC) converts a digital value to a voltage. The DAC has one channel with 10-bit 
resolution, and it is capable of converting up to 350,000 samples per second (350ksps). 


33.2 Features 

DAC with 10-bit resolution 

Up to 350ksps conversion rate 

Multiple trigger sources 

High-drive capabilities 

Output can be used as input to the Analog Comparator (AC) 
DMA support 


33.3. Block Diagram 


Figure 33-1. DAC Block Diagram 


ca 


i———- EMPTY 
START 





Vout 


ADC 





VREFA 





33.4 Signal Description 











Signal Name Description 
VOUT Analog output DAC output 
VREFA Analog input External reference 
Atmel | SMART SAM D11 [DATASHEET 836 
Atmel | 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





33.5 


33.5.1 


33.5.2 


33.5.3 


33.5.4 


33.5.5 


33.5.6 


33.5.7 


33.5.8 


Refer to “I/O Multiplexing and Considerations’ on page 13 for the pin mapping of this peripheral. One signal can be 
mapped on several pins. 


Product Dependencies 


In order to use this peripheral, other parts of the system must be configured correctly, as described below. 


/O Lines 
Using the DAC’s I/O lines requires the I/O pins to be configured using the port configuration (PORT). 
Refer to “PORT” on page 378 for details. 


Power Management 


The DAC will continue to operate in any sleep mode where the selected source clock is running. The DAC interrupts 
can be used to wake up the device from sleep modes. The events can trigger other operations in the system without 
exiting sleep modes. Refer to “PIM — Power Manager’ on page 110 for details on the different sleep modes. 


Clocks 


The DAC bus clock (CLK_DAC_APB) can be enabled and disabled in the Power Manager, and the default state of 
CLK_DAC_APB can be found in the Peripheral Clock Masking section in “PIM — Power Manager” on page 110. 


A generic clock (GCLK_DAC) is required to clock the DAC. This clock must be configured and enabled in the Generic 
Clock Controller before using the DAC. Refer to “GCLK — Generic Clock Controller’ on page 88 for details. 


This generic clock is asynchronous to the bus clock (CLK_DAC). Due to this asynchronicity, writes to certain registers 
will require synchronization between the clock domains. Refer to “Synchronization” on page 840 for further details. 
DMA 


The DMA request line is connected to the DMA Controller (DMAC). Using the DAC DMA requests requires the DMA 
Controller to be configured first. Refer to “DMAC — Direct Memory Access Controller’ on page 2771 for details. 


Interrupts 


The interrupt request line is connected to the Interrupt Controller. Using the DAC interrupts requires the Interrupt 
Controller to be configured first. Refer to “Nested Vector Interrupt Controller” on page 26 for details. 


Events 


The events are connected to the Event System. Refer to “EVSYS — Event System” on page 405 for details on how to 
configure the Event System. 


Debug Operation 


When the CPU is halted in debug mode the DAC continues normal operation. If the DAC is configured in a way that 
requires it to be periodically serviced by the CPU through interrupts or similar, improper operation or data loss may 
result during debugging. 


Register Access Protection 


All registers with write-access are optionally write-protected by the Peripheral Access Controller (PAC), except the 
following register: 


e Interrupt Flag Status and Clear register (INTFLAG) 
Write-protection is denoted by the Write-Protection property in the register description. 


When the CPU is halted in debug mode, all write-protection is automatically disabled. 
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Write-protection does not apply for accesses through an external debugger. Refer to “PAC — Peripheral Access 
Controller’ on page 30 for details. 


33.5.9 Analog Connections 


Not applicable. 


33.6 Functional Description 


33.6.1 Principle of Operation 


The Digital-to-Analog Converter (DAC) converts the digital value written to the Data register (DATA) into an analog 
voltage on the DAC output. By default, a conversion is started when new data is written to DATA, and the 
corresponding voltage is available on the DAC output after the conversion time. It is also possible to enable events 
from the Event System to trigger the conversion. 


33.6.2 Basic Operation 


33.6.2.1 Initialization 
Before enabling the DAC, it must be configured by selecting the voltage reference using the Reference Selection bits 
in the Control B register (CTRLB.REFSEL). 

33.6.2.2 Enabling, Disabling and Resetting 


The DAC is enabled by writing a one to the Enable bit in the Control A register (CTRLA.ENABLE). The DAC is 
disabled by writing a zero to CTRLA.ENABLE. 


The DAC is reset by writing a one to the Software Reset bit in the Control A register (CTRLA.SWRST). All registers in 
the DAC will be reset to their initial state, and the DAC will be disabled. Refer to the CTRLA register for details. 


33.6.2.3 Enabling the Output Buffer 


To enable the DAC output on the Voy7 pin, the output driver must be enabled by writing a one to the External Output 
Enable bit in the Control B register (CTRLB.EOEN). 


The DAC output buffer provides a high-drive-strength output, and is capable of driving both resistive and capacitive 
loads. To minimize power consumption, the output buffer should be enabled only when external output is needed. 


33.6.3 Additional Features 


33.6.3.1 Conversion Range 


The conversion range is between GND and the selected DAC voltage reference. The default voltage reference is the 
internal 1V (INT1V) reference voltage. The other voltage reference options are the 3.3V analog supply voltage (AVcc 
= VDDANA) and the external voltage reference (VREFA). The voltage reference is selected by writing to the 
Reference Selection bits in the Control B register (CTRLB.REFSEL). The output voltage from the DAC can be 
calculated using the following formula: 


. _ DATA 
DAC 0x3FF 





- VREF 


33.6.3.2 DAC as an Internal Reference 


The DAC output can be internally enabled as input to the analog comparator. This is enabled by writing a one to the 
Internal Output Enable bit in the Control B register (CTRLB.IOEN). It is possible to have the internal and external 
output enabled simultaneously. 


The DAC output can also be enabled as input to the Analog-to-Digital Converter. In this case, the output buffer must 
be enabled. 
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33.6.3.3 Data Buffer 


The Data Buffer register (DATABUF) and the Data register (DATA) are linked together to form a two-stage FIFO. The 
DAC uses the Start Conversion event to load data from DATABUF into DATA and start a new conversion. The Start 
Conversion event is enabled by writing a one to the Start Event Input bit in the Event Control register 
(EVCTRL.STARTE)). If a Start Conversion event occurs when DATABUF is empty, an Underrun interrupt request is 
generated if the Underrun interrupt is enabled. 


The DAC can generate a Data Buffer Empty event when DATABUF becomes empty and new data can be loaded to 
the buffer. The Data Buffer Empty event is enabled by writing a one to the Empty Event Output bit in the Event Control 
register (EVCTRL.EMPTYEO). A Data Buffer Empty interrupt request is generated if the Data Buffer Empty interrupt 
is enabled. 

33.6.3.4 Voltage Pump 


When the DAC is used at operating voltages lower than 2.5V, the voltage pump must be enabled. This enabling is 
done automatically, depending on operating voltage. 


The voltage pump can be disabled by writing a one to the Voltage Pump Disable bit in the Control B register 
(CTRLB.VPD). This can be used to reduce power consumption when the operating voltage is above 2.5V. 


The voltage pump uses the asynchronous GCLK_DAC clock, and requires that the clock frequency be at least four 
times higher than the sampling period. 


33.6.3.5 Sampling Period 


As there is no automatic indication that a conversion is done, the sampling period must be greater than or equal to the 
specified conversion time. 


33.6.4 DMA, Interrupts and Events 


Table 33-1. Moduel Request for ADC 


DMA request is 











foto} ave lia feyal TaitcYamulelmacte[U(-t-y Event output Event input DMA request Cos (=¥-1 c= | 

Data Buffer When DATABUF 
x x X ‘ : 

Empty is written 

Underrun x 

Synchronization ‘ 

Ready 


























Start Conversion x 





33.6.4.1 DMA Operation 


The DAC generates the following DMA request: 
e Data Buffer Empty (EMPTY): the request is set when the Data Buffer register is empty (data transferred from 
DATABUF to DATA). The request is cleared when DATABUF is written. 
For each Start Conversion event, DATABUF is transferred into DATA and the conversion starts. When DATABUF is 
empty, the DAC generates the DMA request for new data. As DATABUF is initially not empty, it must be written by the 
CPU before the first event occurs. 


If the CPU accesses the registers that are the source of a DMA request set/clear condition, the DMA request can be 
lost or the DMA transfer can be corrupted, if enabled. 


When DAC registers are write-protected by Peripheral Access Controller, DATABUF cannot be written. To bypass 
DATABUF write protection, Bypass DATABUF Write Protection bit (CTRLB.BDWP) must be written to one. 
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33.6.4.2 Interrupts 


The DAC has the following interrupt sources: 

e Data Buffer Empty 

e  Underrun 

e Synchronization Ready 
Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status and Clear 
register (INTFLAG) is set when the interrupt condition occurs. Each interrupt can be individually enabled by writing a 
one to the corresponding bit in the Interrupt Enable Set register (INTENSET), and disabled by writing a one to the 
corresponding bit in the Interrupt Enable Clear register (INTENCLR). An interrupt request is generated when the 
interrupt flag is set and the corresponding interrupt is enabled. The interrupt request remains active until the interrupt 
flag is cleared, the interrupt is disabled or the DAC is reset. See the register description for details on how to clear 
interrupt flags. 


The DAC has one common interrupt request line for all the interrupt sources. The user must read the INTFLAG 
register to determine which interrupt condition is present. 


Note that interrupts must be globally enabled for interrupt requests to be generated. Refer to “Nested Vector Interrupt 
Controller” on page 26 for details. 


33.6.4.3 Events 


The DAC can generate the following output events: 

e Data Buffer Empty (EMPTY) 
Writing a one to an Event Output bit in the Event Control register (EVCTRL.xxEO) enables the corresponding output 
event. Writing a zero to this bit disables the corresponding output event. Refer to “EVSYS — Event System” on page 
405 for details on configuring the event system. 
The DAC can take the following actions on an input event: 

e Start Conversion (START) 
Writing a one to an Event Input bit in the Event Control register (EVCTRL.xxEl) enables the corresponding action on 
an input event. Writing a zero to this bit disables the corresponding action on input event. Note that if several events 


are connected to the DAC, the enabled action will be taken on any of the incoming events. Refer to “EVSYS — Event 
System” on page 405 for details on configuring the event system. 


33.6.5 Sleep Mode Operation 


The generic clock for the DAC is running in idle sleep mode. If the Run In Standby bit in the Control A register 
(CTRLA.RUNSTDBY) is one, the DAC output buffer will keep its value in standby sleep mode. If CTRLA.RUNSTDBY 
is zero, the DAC output buffer will be disabled in standby sleep mode. 


33.6.6 Synchronization 
Due to the asynchronicity between CLK_DAC_APB and GCLK_DAC, some registers must be synchronized when 
accessed. A register can require: 
e Synchronization when written 
e@ Synchronization when read 
e@ Synchronization when written and read 
e No synchronization 
When executing an operation that requires synchronization, the Synchronization Busy bit in the Status register 


(STATUS.SYNCBUSY) will be set immediately, and cleared when synchronization is complete. The Synchronization 
Ready interrupt can be used to signal when synchronization is complete. 


If an operation that requires synchronization is executed while STATUS.SYNCBUSY is one, the bus will be stalled. All 
operations will complete successfully, but the CPU will be stalled and interrupts will be pending as long as the bus is 
stalled. 
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The following bits need synchronization when written: 
e Software Reset bit in the Control A register (CTRLA.SWRST) 
e Enable bit in the Control A register (CTRLA.ENABLE) 
e All bits in the Data register (DATA) 
e All bits in the Data Buffer register (DATABUF) 
Synchronization is denoted by the Write-Synchronized property in the register description. 


The following bits need synchronization when read: 
e All bits in the Data register (DATA) 
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33.7 Register Summary 


Table 33-2. Register Summary 











































































































Bit 
Offset Name Pos. 
0x0 CTRLA 7:0 RUNSTDBY ENABLE SWRST 
0x1 CTRLB 7:0 REFSEL[1:0] BDWP VPD LEFTADJ IOEN EOEN 
0x2 EVCTRL 7:0 EMPTYEO STARTEI 
0x3 Reserved 
Ox4 INTENCLR 7:0 SYNCRDY EMPTY UNDERRUN 
Ox5 INTENSET 7:0 SYNCRDY EMPTY UNDERRUN 
Ox6 INTFLAG 7:0 SYNCRDY EMPTY UNDERRUN 
Ox7 STATUS 7:0 SYNCBUSY 
Ox8 7:0 DATA[7:0] 
DATA 
0x9 15:8 DATA[15:8] 
OxA Reserved 
OxB Reserved 
OxC 7:0 DATABUF[7:0] 
DATABUF 
0xD 15:8 DATABUF[15:8] 
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33.8 Register Description 
Registers can be 8, 16 or 32 bits wide. Atomic 8-, 16- and 32-bit accesses are supported. In addition, the 8-bit quarters 
and 16-bit halves of a 32-bit register and the 8-bit halves of a 16-bit register can be accessed directly. 


Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Write-protection is denoted by 
the Write-Protected property in each individual register description. Refer to “Register Access Protection” on page 837 
for details. 


Some registers require synchronization when read and/or written. Synchronization is denoted by the Synchronized 
property in each individual register description. Refer to “Synchronization” on page 840 for details. 
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33.8.1 ControlA 


Name: CTRLA 
Offset: 0x0 
Reset: 0x00 


Access: Read-Write 
Property: Write-Protected, Write-Synchronized 


Bit 7 6 5 4 3 2 1 0 

a a 
Access R R R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 7:3 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 2—RUNSTDBY: Run in Standby 
0: The DAC output buffer is disabled in standby sleep mode. 
1: The DAC output buffer can be enabled in standby sleep mode. 
This bit is not synchronized. 


e Bit 1-ENABLE: Enable 
0: The peripheral is disabled or being disabled. 


1: The peripheral is enabled or being enabled. 


Due to synchronization, there is delay from writing CTRLA.ENABLE until the peripheral is enabled/disabled. The 
value written to CTRL.ENABLE will read back immediately and the Synchronization Busy bit in the Status register 
(STATUS.SYNCBUSY) will be set. STATUS.SYNCBUSY is cleared when the operation is complete. 


e Bit 0 —- SWRST: Software Reset 
0: There is no reset operation ongoing. 
1: The reset operation is ongoing. 
Writing a zero to this bit has no effect. 
Writing a one to this bit resets the all registers in the DAC to their initial state, and the DAC will be disabled. 
Writing a one to CTRLA.SWRST will always take precedence, meaning that all other writes in the same write oper- 
ation will be discarded. 
Due to synchronization, there is a delay from writing CTRLA.SWRST until the reset is complete. CTRLA.SWRST 
and STATUS.SYNCBUSY will both be cleared when the reset is complete. 
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33.8.2 Control B 


Name: CTRLB 
Offset: 0x1 
Reset: 0x00 


Access: Read-Write 
Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 

ee 
Access R/W R/W R R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 7:6 - REFSEL[1:0]: Reference Selection 
These bits select the reference voltage for the DAC according to the table below. 


Table 33-3. Reference Selection 











REFSEL[1:0] Name Description 
0x0 INT1V Internal 1.0V reference 
0x1 AVCC AVCC 
0x2 VREFA External reference 
0x3 Reserved 

















e Bit 5 - Reserved 
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero 
when this register is written. This bit will always return zero when read. 


e Bit 4- BDWP: Bypass DATABUF Write Protection 
This bit can bypass DATABUF write protection. 


0: DATABUF register is write-protected by Peripheral Access Controller. 
1: DATABUF register is not write-protected. 


e Bit 3-VPD: Voltage Pump Disable 
This bit controls the behavior of the voltage pump. 


0: Voltage pump is turned on/off automatically. 
1: Voltage pump is disabled. 


e Bit 2-—LEFTADJ: Left Adjusted Data 
This bit controls how the 10-bit conversion data is adjusted in the Data and Data Buffer registers. 


0: DATA and DATABUF registers are right-adjusted. 
1: DATA and DATABUF registers are left-adjusted. 


e Bit 1-IOEN: Internal Output Enable 
0: Internal DAC output not enabled. 


1: Internal DAC output enabled to be used by the AC. 


e Bit 0 - EOEN: External Output Enable 
0: The DAC output is turned off. 


1: The high-drive output buffer drives the DAC output to the Voy; pin. 
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33.8.3 Event Control 


Name: EVCTRL 
Offset: 0x2 
Reset: 0x00 


Access: Read-Write 


Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 
a 
Access R R R R R R R/W R/W 
Reset 0 0 0 0 0 0 0 0 
e Bits 7:2 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
e Bit 1-—EMPTYEO: Data Buffer Empty Event Output 
This bit indicates whether or not the Data Buffer Empty event is enabled and will be generated when the Data Buf- 
fer register is empty. 
0: Data Buffer Empty event is disabled and will not be generated. 
1: Data Buffer Empty event is enabled and will be generated. 
e Bit 0 - STARTEI: Start Conversion Event Input 


Atmel 


This bit indicates whether or not the Start Conversion event is enabled and data are loaded from the Data Buffer 
register to the Data register upon event reception. 

0: A new conversion will not be triggered on an incoming event. 

1: Anew conversion will be triggered on an incoming event. 
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33.8.4 Interrupt Enable Clear 


Name: INTENCLR 
Offset: 0x4 
Reset: 0x00 


Access: Read-Write 
Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 

ee 
Access R R R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes in this register 
will also be reflected in the Interrupt Enable Set register (INTENSET). 


e Bits 7:3 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 2-—SYNCRDY: Synchronization Ready Interrupt Enable 
0: The Synchronization Ready interrupt is disabled. 


1: The Synchronization Ready interrupt is enabled. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the Synchronization Ready Interrupt Enable bit, which disables the Synchroniza- 
tion Ready interrupt. 


e Bit 1- EMPTY: Data Buffer Empty Interrupt Enable 
0: The Data Buffer Empty interrupt is disabled. 


1: The Data Buffer Empty interrupt is enabled. 

Writing a zero to this bit has no effect. 

Writing a one to this bit will clear the Data Buffer Empty Interrupt Enable bit, which disables the Data Buffer Empty 
interrupt. 


e Bit 0 -UNDERRUN: Underrun Interrupt Enable 
0: The Underrun interrupt is disabled. 


1: The Underrun interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Underrun Interrupt Enable bit, which disables the Underrun interrupt. 
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33.8.5 


Interrupt Enable Set 


Name: INTENSET 
Offset: Ox5 
Reset: 0x00 


Access: Read-Write 
Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 

ee 
Access R R R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes in this register 
will also be reflected in the Interrupt Enable Clear register (INTENCLR). 


e Bits 7:3 —- Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


e Bit 2-—SYNCRDY: Synchronization Ready Interrupt Enable 
0: The Synchronization Ready interrupt is disabled. 
1: The Synchronization Ready interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Synchronization Ready Interrupt Enable bit, which enables the Synchronization 
Ready interrupt. 


e Bit 1- EMPTY: Data Buffer Empty Interrupt Enable 
0: The Data Buffer Empty interrupt is disabled. 
1: The Data Buffer Empty interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Data Buffer Empty Interrupt Enable bit, which enables the Data Buffer Empty 
interrupt. 


e Bit 0 -— UNDERRUN: Underrun Interrupt Enable 
0: The Underrun interrupt is disabled. 


1: The Underrun interrupt is enabled. 
Writing a zero to this bit has no effect. 
Writing a one to this bit will set the Underrun Interrupt Enable bit, which enables the Underrun interrupt. 
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33.8.6 Interrupt Flag Status and Clear 


Name: INTFLAG 
Offset: Ox6 
Reset: 0x00 


Access: Read-Write 


Property: Write-Protected 


Bit 7 6 5 4 3 2 1 0 
Access R R R R R R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
e Bits 7:3 — Reserved 


Atmel 


These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 


Bit 2 - SYNCRDY: Synchronization Ready 
This flag is cleared by writing a one to the flag. 


This flag is set on a 1-to-0 transition of the Synchronization Busy bit in the Status register (STATUS.SYNCBUSY), 
except when the transition is caused by an enable or a software reset, and will generate an interrupt request if 
INTENCLR/SET.READY is one. 


Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Synchronization Ready interrupt flag. 


Bit 1 - EMPTY: Data Buffer Empty 
This flag is cleared by writing a one to the flag or by writing new data to DATABUF. 


This flag is set when data is transferred from DATABUF to DATA, and the DAC is ready to receive new data in 
DATABUF, and will generate an interrupt request if INTENCLR/SET.EMPTY is one. 


Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Data Buffer Empty interrupt flag. 


Bit 0 - UNDERRUN: Underrun 
This flag is cleared by writing a one to the flag. 


This flag is set when a start conversion event occurs when DATABUF is empty, and will generate an interrupt 
request if INTENCLR/SET.UNDERRUN is one. 


Writing a zero to this bit has no effect. 
Writing a one to this bit will clear the Underrun interrupt flag. 
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33.8.7 Status 
Name: STATUS 
Offset: Ox7 
Reset: 0x00 


Access: Read-Only 
Property: Read-Synchronized 


Bit 7 6 5 4 3 2 1 0 

| coy a 
Access R R R R R R R R 
Reset 0 


e Bit 7-—SYNCBUSY: Synchronization Busy Status 
This bit is cleared when the synchronization of registers between the clock domains is complete. 
This bit is set when the synchronization of registers between clock domains is started. 


e Bits 6:0 - Reserved 
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to 
zero when this register is written. These bits will always return zero when read. 
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33.8.8 Data 
Name: DATA 
Offset: 0x8 


Reset: 0x0000 
Access: Read-Write 
Property: Write-Protected, Write-Synchronized 


Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 15:0 - DATA[15:0]: Data value to be converted 
DATA register contains the 10-bit value that is converted to a voltage by the DAC. The adjustment of these 10 bits 
within the 16-bit register is controlled by CTRLB.LEFTADJ: 


- DATA[9:0] when CTRLB.LEFTAD4 is zero. 
- DATA[15:6] when CTRLB.LEFTAD4 is one. 
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33.8.9 Data Buffer 
Name: DATABUF 
Offset: OxC 
Reset: 0x0000 


Access: Read-Write 


Property: - 
Bit 15 14 13 12 11 10 9 8 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 
Bit 7 6 5 4 3 2 1 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0 0 


e Bits 15:0 - DATABUF[15:0]: Data Buffer 
DATABUF contains the value to be transferred into DATA.The adjustment of these 10 bits within the 16-bit register 
is controlled by CTRLB.LEFTADJ: 


- DATABUF[9:0] when CTRLB.LEFTADJ is zero. 
- DATABUF[15:6] when CTRLB.LEFTADJ is one. 
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34. 


PTC - Peripheral Touch Controller 


34.1 Overview 
The purpose of PTC is to acquire signals to detect touch on capacitive sensors. The external capacitive touch sensor 
is typically formed on a PCB, and the sensor electrodes are connected to the analog front end of the PTC through the 
I/O pins in the device. The PTC supports both self- and mutual-capacitance sensors. 
In mutual-capacitance mode, sensing is done using capacitive touch matrices in various X-Y configurations, including 
indium tin oxide (ITO) sensor grids. The PTC requires one pin per X-line and one pin per Y-line. 
In self-capacitance mode, the PTC requires only one pin (Y-line) for each touch sensor. 
34.2 Features 
e Low-power, high-sensitivity, environmentally robust capacitive touch buttons, sliders, wheels and proximity sensing 
e Supports mutual capacitance and self-capacitance sensing 
e 7/13/16 buttons in self-capacitance mode, for 14-/20-/24- pins respectively 
e 12/42/72 buttons in mutual-capacitance mode, for 14-/20-/24- pins respectively 
e Mix-and-match mutual-and self-capacitance sensors 
One pin per electrode — no external components 
e Load compensating charge sensing 
e Parasitic capacitance compensation and adjustable gain for superior sensitivity 
e Zero drift over the temperature and Vpp range 
e Auto calibration and re-calibration of sensors 
Single-shot and free-running charge measurement 
Hardware noise filtering and noise signal de-synchronization for high conducted immunity 
Selectable channel change delay 
e Allows choosing the settling time on a new channel, as required 
e Acquisition-start triggered by command or interrupt event 
Low CPU utilization through interrupt on acquisition-complete 
e@ 5% CPU utilization scanning 10 channels at 50ms scan rate 
e Supported by the Atmel® QTouch® Composer development tool, which comprises QTouch Library project builder 
and QTouch analyzer 
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34.3. Block Diagram 


Figure 34-1. PTC Block Diagram Mutual-capacitance 
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Figure 34-2. PTC Block Diagram Self-capacitance 
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34.4 





Signal Description 

































































Name Type Description 
X{[n:0] Digital X-line (Output) 
Y[m:0] Analog Y-line (Input/Output) 
Note: 1. The number of X and Y lines are device dependent. Refer to “Configuration Summary” on page 3 for 
details. 
Refer to “I/O Multiplexing and Considerations” on page 13 for details on the pin mapping for this peripheral. One 
signal can be mapped on several pins. 
34.5 Product Dependencies 
In order to use this Peripheral, configure the other components of the system as described in the following sections. 
34.5.1 I/O Lines 
The I/O lines used for analog X-lines and Y-lines must be connected to external capacitive touch sensor electrodes. 
External components are not required for normal operation. However, to improve the EMC performance, a series 
resistor of 1 KQ can be used on X-lines and Y-lines. 
Mutual-capacitance Sensor Arrangement 
A mutual-capacitance sensor is formed between two I/O lines - an X electrode for transmitting and Y electrode for 
receiving. The mutual capacitance between the X and Y electrode is measured by the Peripheral Touch Controller. 
Figure 34-3. Mutual Capacitance Sensor Arrangement 
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34.5.2 


Self-capacitance Sensor Arrangement 


The self-capacitance sensor is connected to a single pin on the Peripheral Touch Controller through the Y electrode 
for receiving the signal. The sense electrode capacitance is measured by the Peripheral Touch Controller. 


Figure 34-4. Self-capacitance Sensor Arrangement 
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For more information about designing the touch sensor, refer to Buttons, Sliders and Wheels Touch Sensor Design 
Guide on http://www.atmel.com. 


Clocks 


The PTC is clocked by the GCLK_PTC clock. The PTC operates from an asynchronous clock source and the 
operation is independent of the main system clock and its derivative clocks, such as the peripheral bus clock 
(CLK_APB). A number of clock sources can be selected as the source for the asynchronous GCLK_PTC. The clock 
source is selected by configuring the Generic Clock Selection ID in the Generic Clock Control register. For more 
information about selecting the clock sources, refer to “GCLK — Generic Clock Controller’ on page 88. 


The selected clock must be enabled in the Power Manager, before it can be used by the PTC. By default these clocks 
are disabled. The frequency range of GCLK_PTC is 400kHz to 4MHz. 


For more details, refer to “PM — Power Manager” on page 110. 
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34.6 Functional Description 


In order to access the PTC, the user must use the QTouch Composer tool to configure and link the QTouch Library 
firmware with the application code. QTouch Library can be used to implement buttons, sliders, wheels and proximity 
sensor in a variety of combinations on a single interface. 


For more information about QTouch library, refer to the Atmel QTouch Library Peripheral Touch Controller User 
Guide. 


Figure 34-5. QTouch Library Usage 
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35. Electrical Characteristics 


35.1 Disclaimer 


All typical values are measured at T = 25°C unless otherwise specified. All minimum and maximum values are valid 
across operating temperature and voltage unless otherwise specified. 


35.2 Absolute Maximum Ratings 


Stresses beyond those listed in Table 35-1 may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or other conditions beyond those indicated in the operational sections 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


Table 35-1. Absolute maximum ratings 



































Ht) ee) Parameter Min. Max. Units 
Vpp Power supply voltage 0 3.8 V 
hae Current into a Vpp pin - 92") mA 
lene Current out of a GND pin - 130") mA 
Vein Pin voltage with respect to GND and Vpp GND-0.6V Vppt+0.6V V 
Tstorage Storage temperature -60 150 °C 
Note: 1. Maximum source current is 46mA and maximum sink current is 65mA per cluster. A cluster is a group of GPIOs as shown in . Also note that 


each Vpp/GND pair is connected to 2 clusters so current consumption through the pair will be a sum of the clusters source/sink currents. 


35.3 General Operating Ratings 


The device must operate within the ratings listed in Table 35-2 in order for all other electrical characteristics and 
typical characteristics of the device to be valid. 


Table 35-2. General operating conditions”) 














Symbol Parameter 
Ven Power supply voltage 1.62") 3.3 3.63 Vv 
| Ta | Temperature range | -40 | 25 | 85 | °c 
| Ty | Junction temperature | - | - | 100 | °C 





Notes: 1. With BOD33 disabled. If the BOD33 is enabled, check Table 35-18 
2 CAUTION: In debugger cold-plugging mode, NVM erase operations are not protected by the BOD33 and BOD12. NVM erase operation at 
supply voltages below specified minimum can cause corruption of NVM areas that are mandatory for correct device behavior. 
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35.4 Supply Characteristics 


The following characteristics are applicable to the operating temperature range: T, = -40°C to 85°C, unless otherwise 
specified and are valid for a junction temperature up to T, = 100°C. Refer to “Power Supply and Start-Up 
Considerations” on page 17. 


Table 35-3. Supply voltage Characteristics 





Symbol Conditions 


van 1.62 363 
| Full Voltage Range 





VopaNa 





Table 35-4. Supply Slew Rates 


Fall Rate | Rise Rate 





Symbol Parameter Max Max. Units 



















































































Vopio | 0.05 | 0.1 
DC supply peripheral I/Os, internal regulator and analog supply voltage V/us 
| VpDANA | 0.05 | 0.1 
35.5 Maximum Clock Frequencies 
Table 35-5. Maximum GCLK Generator Output Frequencies 
Symbol Description UT ate [iV Te[=Ye| BT WA Te (<1e| Units 
fecikceno / fectk_MaIN 
focLKGENt 
eae GCLK Generator Output Frequency 96 48 MHz 
GCLKGEN3 
focLKGENa 
fecLKGENS 
Table 35-6. Maximum Peripheral Clock Frequencies 
Symbol Description Max. Units 
fopy CPU clock frequency 48 MHz 
fap AHB clock frequency 48 MHz 
appa APBA clock frequency 48 MHz 
fappp APBB clock frequency 48 MHz 
fapBc APBC clock frequency 48 MHz 
feck _DFLL48M_REF DFLL48M Reference clock frequency 33 kHz 
fecLK_DPLL FDPLL96M Reference clock frequency 2 MHz 
focLk DPLL_32k FDPLL96M 32k Reference clock frequency 32 kHz 
fociK wot WDT input clock frequency 48 MHz 
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Table 35-6. Maximum Peripheral Clock Frequencies (Continued) 


Symbol 





Description 






























































fectk RTC RTC input clock frequency 48 MHz 
fectk_EIc EIC input clock frequency 48 MHz 
fecLk_usB USB input clock frequency 48 MHz 
foctK_Evsys CHANNEL. | EVSYS channel 0 input clock frequency 48 MHz 
foctk_evsys_CHANNEL.1 | EVSYS channel 1 input clock frequency 48 MHz 
feck _evsys CHANNEL.2 | _EVSYS channel 2 input clock frequency 48 MHz 
fecik_evsys cHANNEL_3 | _EVSYS channel 3 input clock frequency 48 MHz 
foctK_Evsys_cHANNEL_4 | EVSYS channel 4 input clock frequency 48 MHz 
fecik_evsys cHANNEL.5 | _EVSYS channel 5 input clock frequency 48 MHz 
foecLK_SERCOMx SLOW Common SERCOM slow input clock frequency 48 MHz 
fcLk_SERCOMO_CORE SERCOMO input clock frequency 48 MHz 
focLK_SERCOM1_CORE SERCOM1 input clock frequency 48 MHz 
fecLk_SERCOM2_CORE SERCOM2 input clock frequency 48 MHz 
foectK tcco TCCO input clock frequency 96 MHz 

feck _Tc1, GCLK_TC2 TC1,TC2 input clock frequency 48 MHz 
fectK_apc ADC input clock frequency 48 MHz 
fecLK_ac_DIG AC digital input clock frequency 48 MHz 
focLkK_AC_ANA AC analog input clock frequency 64 kHz 
fectk_pac DAC input clock frequency 350 kHz 

foecik ptc PTC input clock frequency 48 MHz 
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35.6 Power Consumption 


The values in Table 35-7 are measured values of power consumption under the following conditions, except where 
noted: 
e Operating conditions 
e@ = Vvppin = 3.3V 
@ = Voppin = 1.8V, CPU is running on Flash with 3 wait state 
e Wake up time from sleep mode is measured from the edge of the wakeup signal to the execution of the 
first instruction fetched in flash. 
e Oscillators 
e XOSC (crystal oscillator) stopped 
e XOSC32K (32kHz crystal oscillator) running with external 32kHz crystal 
e DFLL48M using XOSC32K as reference and running at 48MHz 
e Clocks 
e DFLL48M used as main clock source, except otherwise specified. 
CPU, AHB clocks undivided 
APBA clock divided by 4 
APBB and APBC bridges off 
The following AHB module clocks are running: NVMCTRL, APBA bridge 
e All other AHB clocks stopped 
e The following peripheral clocks running: PM, SYSCTRL, RTC 
e Allother peripheral clocks stopped 


e I/Os are inactive with internal pull-up 
e CPU is running on flash with 1 wait states 
e NVMCTRL cache enabled 
e BOD33 disabled 
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Table 35-7. Current Consumption 

















































































































LW KeXe [=9 Conditions Ty Voc Typ. Eve 
25°C 3.3V 2.95 3.01 
CPU running a While(1) algorithm 
85°C 3.3V 2.96 3.02 
mA 
CPU running a While(1) algorithm Vppy=1.8V, 2 C  18V 289 ek 
CPU is running on Flash with 3 wait states 85°C 1.8V 2.94 3.02 
5 53*freq + 53*freq + 
CPU running a While(1) algorithm, CPU is 25°C 3.3 282 330 A 
running on Flash with 3 wait states with (with freq 
GCLKIN as reference P 54*freq+  54*freq+ in MHz) 
85°C 3.3V 278 354 
25°C 3.3V 3.25 3.39 
CPU running a Fibonacci algorithm 
85°C 3.3V 3.24 3.40 
mA 
CPU running a Fibonacci algorithm 25°C 1.8V 3.19 3.33 
Vopin=1.8V, CPU is running on flash with 3 
ACTIVE wait states 85°C 1.8V 3.25 3.40 
° 60*freq + 61*freq + 
CPU running a Fibonacci algorithm, CPU is 25°C 3.3V 281 335 yA 
running on Flash with 3 wait states with (with freq 
GCLKIN as reference 5 60*freq+  61*freq+ in MHz) 
85°C 3.3V 281 350 
25°C 3.3V 3.95 4.04 
CPU running a CoreMark algorithm 
85°C 3.3V 3.98 4.07 
mA 
CPU running a CoreMark algorithm 25°C 1.8V 3.52 3.63 
Vopin=1.8V, CPU is running on flash with 3 
wait states 85°C 1.8V 3.59 3.69 
a 75*freq + 74*freq + 
CPU running a CoreMark algorithm, CPU is 25°C 3.3V 284 284 yA 
running on Flash with 3 wait states with (with freq 
GCLKIN as reference : 76*freq+ 75*freq+ in MHz) 
85°C 3.3V 273 273 
25°C 3.3V 1.81 1.89 
IDLEO 
85°C 3.3V 1.82 1.90 
25°C 3.3V 1.28 1.36 
IDLE1 mA 
85°C 3.3V 1.29 1.38 
25°C 3.3V 1.06 1.17 
IDLE2 
85°C 3.3V 1.06 1.18 
XOSC32K running 25°C 3.3V 3.40 10.40 
Fe itunte 28 85°C 3.3V 23.00 57.00 
STANDBY yA 
25°C 3.3V 2.20 9.20 
XOSC32K and RTC stopped 
85°C 3.3V 21.00 55.000 
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Table 35-8. Wake-up Time 





















































WV KoXe f=3 (oxeyarelitceyatsy 
25°C 4.0 
IDLEO OSC8M used as main clock source, cache disabled 
85°C 4.0 
25°C 12.1 
IDLE1 OSC8M used as main clock source, cache disabled 
85°C 13.6 
us 
25°C 13.0 
IDLE2 OSC8M used as main clock source, cache disabled 
85°C 14.5 
25°C 19.6 
STANDBY OSC8M used as main clock source, cache disabled 
85°C 19.7 
Figure 35-1. Measurement Schematic 
VDDANA 
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35.7 Peripheral Power Consumption 


Since USB peripheral complies with the Universal Serial Bus (USB) v2.0 standard, USB peripheral power 
consumption is described a specific section. 


35.7.1 All peripheral except USB 


Default conditions, except where noted: 


Operating conditions 
e@ = Vvyppin = 3.3V 
Oscillators 
e XOSC (crystal oscillator) stopped 
e XOSC32K (32kHz crystal oscillator) running with external 32kHz crystal 
e OSC8M at 8MHz 
Clocks 
e OSC8M used as main clock source 
e CPU, AHB and APBn clocks undivided 
The following AHB module clocks are running: NVMCTRL, HPB2 bridge, HPB1 bridge, HPBO bridge 
e All other AHB clocks stopped 
The following peripheral clocks running: PM, SYSCTRL 
e All other peripheral clocks stopped 
I/Os are inactive with internal pull-up 
CPU in IDLEO mode 
Cache enabled 
BOD33 disabled 


In this default conditions, the power consumption Igerauit iS Measured. 


Operating mode for each peripheral in turn: 


Configure and enable the peripheral GCLK (When relevant, see conditions) 
Unmask the peripheral clock 

Enable the peripheral (when relevant) 

Set CPU in IDLEO mode 

Measurement lperiph 

Wake-up CPU via EIC (async: level detection, filtering disabled) 

Disable the peripheral (when relevant) 

Mask the peripheral clock 

Disable the peripheral GCLK (when relevant, see conditions) 


Each peripheral power consumption provided in the table is the value (periph - Idefauit), USIng the same measurement 
method as for global power consumption measurement. 
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Table 35-9. Typical Peripheral Power Consumption 
































Peripheral lofeyateliiteyatsy 
RTC fectk atc = 32kKHz, 32bit counter mode 5.20 yA 
WDT feck wot=32kHz, normal mode with EW 2.70 yA 
AC Both fgc.x=8MHz, Enable both COMP 64.6 yA 
TCx") feciK=8MHz, Enable + COUNTER in 8bit mode 38.9 yA 
TCCO fecik=8MHz, Enable + COUNTER 125.8 yA 
SERCOMx.I2CM”) fectK=8MHz, Enable 62.9 yA 
SERCOMx.I2CS) feciK=8MHz, Enable 25.1 yA 
SERCOMx.SPI?) feciK=8MHz, Enable 58.7 yA 
SERCOMx.USART”) feciK=8MHz, Enable 70.7 yA 
DMAC’?? RAM to RAM transfer 178.3 yA 




















Notes: 


1. All TCs share the same power consumption values. 
2. All SERCOMs share the same power consumption values. 
3. The value includes the power consumption of the R/W access to the RAM 


35.7.2 USB Peripheral Power Consumption 


Default conditions, except where noted: 


Operating conditions 

e@ = Vvppin = 3.3V 
Oscillators 

e XOSC32K (32kHz crystal oscillator) running with external 32kHz crystal in USB Host mode 
Clocks 

e USB Device mode: DFLL48M in USB recovery mode (Crystal less) 


e USB Host mode: DFLL48M in closed loop with XOSC32K (32 kHz crystal oscillator) running with external 
32kHz crystal 


e CPU, AHB and APBn clocks undivided 

The following AHB module clocks are running: NVMCTRL, HPB2 bridge, HPB1 bridge, HPBO bridge 
e All other AHB clocks stopped 

I/Os are inactive with internal pull-up 

CPU in IDLEO mode 

Cache enabled 

BOD33 disabled 


In this default conditions, the power consumption Igerayi iS Measured. 


Measurements do not include consumption of clock source (ex: DFLL48M or FDPLL96M) and CPU. However no CPU 
activity is required during all states (Suspend, IDLE, Data transfer). 


Measurements have been done with an USB cable of 1.5m. 


For USB Device mode, measurements include the maximum consumption (200A) through pull-up resistor on the D+ 
line for USB attach. This value depends on USB Host characteristic. 
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Operating modes: 


USB power consumption is provided in the following tables. 


Table 35-10. Typical USB Device Full Speed mode Current Consumption 


Run the USB Device/Host states in regards of the Universal Serial Bus (USB) v2.0 standard. 





























USB Device state | Conditions Typ. Units 
GCLK_USB is off, using USB wakeup asynchronous interrupt. 
euskend USB bus in suspend mode. 201 ie 
GCLK_USB is on. 
euepe lg USB bus in suspend mode. Ue 
Start Of Frame is running. 
IBLE No packet transferred. Vg 
mA 
: Start Of Frame is running. 
Bcive OUT Bulk OUT on 100% bandwidth. 21g 
; Start Of Frame is running. 
acive Bulk IN on 100% bandwidth. ieee 
Notes: Measures include the consumption (200UA) of the 1.5 kQ pull-up on the D+ line for USB attach 


Atmel 


een = 


Measures include consumption of DFLL48M in USB recovery mode, excepted SUSPEND state which turns off DFLL48M 
Measures do not include CPU consumption. However no CPU activity is required during all states (Suspend, IDLE, Data transfer) 


Measures done with an USB cable of 1.5m 
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35.8 


I/O Pin Characteristics 


35.8.1 Normal I/O Pins 





Parameter 


Table 35-11. Normal I/O Pins Characteristics 


(ores altel iacey als 
















































































Reute Pull-up - Pull-down resistance | All pins except PA24, PA25 20 40 60 kQ 
Vpp=1.62V-2.7V - - 0.25*Vpp 

Vit Input low-level voltage 
Vpp=2.7V-3.63V 6 5 0.3*Vpp 
Vpp=1.62V-2.7V 0.7*Vpp - - 

Vin Input high-level voltage Vv 
Vpp=2.7V-3.63V 0.55*V pp B Bi 

VoL Output low-level voltage Vpp>1.6V, Io, max - 0.1*Vpp 0.2*Vpp 

Vou Output high-level voltage Vpp?1.6V, lon max 0.8*Vpp 0.9*Vpp 3 
Vpp=1.62V-3V, 7 5 1 
PORT.PINCFG.DRVSTR=0 
Vpp=3V-3.63V, B : 25 
PORT.PINCFG.DRVSTR=0 ; 

lot Output low-level current 
Vpp=1.62V-3V, a 7 3 
PORT.PINCFG.DRVSTR=1 
Vpp=3V-3.63V, ; ; 40 
PORT.PINCFG.DRVSTR=1 

mA 

Vpp=1.62V-3V, Z : 07 
PORT.PINCFG.DRVSTR=0 ; 
Vpp=3V-3.63V, : ‘i 2 
PORT.PINCFG.DRVSTR=0 

lon Output high-level current 
Vpp=1.62V-3V, 7 7 2 
PORT.PINCFG.DRVSTR=1 
Vpp=3V-3.63V, 2 7 7 
PORT.PINCFG.DRVSTR=1 
PORT.PINCFG.DRVSTR=0 7 15 
load = 5pF, Vpp = 3.3V 

ime Rise time’) 
PORT.PINCFG.DRVSTR=1 - 15 
load = 20pF, Vdd = 3.3V 

ns 

PORT.PINCFG.DRVSTR=0 7 15 
load = 5pF, Vpp = 3.3V 

tigauL Fall time” 
PORT.PINCFG.DRVSTR=1 - 15 
load = 20pF, Vdd = 3.3V 

lLEaKk Input leakage current Pull-up resistors disabled -1 +/-0.015 1 HA 
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1. These values are based on simulation. These values are not covered by test limits in production or characterization. 
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35.8.2 I?C Pins 
Refer to “I/O Multiplexing and Considerations” on page 13 to get the list of I?C pins. 


Table 35-12. I?C Pins Characteristics in I?C configuration 















































Parameter Oey aTelit(oya 

Reut Pull-up - Pull-down resistance 20 40 60 kQ 
Vpp=1.62V-2.7V - - 0.25*Vpp 

Vit Input low-level voltage 
Vpp=2.7V-3.63V - - 0.3*Vpp 
Vpp=1.62V-2.7V 0.7*Vpp - - 

Vin Input high-level voltage 
Vpp=2.7V-3.63V 0.55*Vpp - - 

V 

Vuys Hysteresis of Schmitt trigger inputs 0.08*Vpp - - 
Vpp> 2.0V 0.4 
Iop=3mA : 

VoL Output low-level voltage 
Vpp<2.0V * 
lo. =2mA - - 0.2*Vpp 

C, Capacitance for each I/O Pin pF 
Vo, =0.4V 
Standard, Fast 3 - - 
and HS Modes 

lon Output low-level current Vo. =0.4V Ad : ; mA 
Fast Mode+ 
VoL =0.6V 6 os n 

fs. SCL clock frequency - - 3.4 MHz 
fgg, $ 100kHz 

Rp Value of pull-up resistor 2 
fgc. > 100kHz 





























I2C pins timing characteristics can be found in “SERCOM in I2C Mode Timing” on page 899. 


Table 35-13. IC Pins Characteristics in I/O Configuration 









































Parameter Conditions 

Reut Pull-up - Pull-down resistance 20 40 60 kQ 
Vpp=1.62V-2.7V - - 0.25*Vpp 

Vi Input low-level voltage 
Vpp=2.7V-3.63V - - 0.3*Vpp 
Vpp=1.62V-2.7V 0.7*Vpp - - 

Vin Input high-level voltage Vv 
Vpp=2.7V-3.63V 0.55*Vpp - - 

VoL Output low-level voltage Vpp>1.6V, Io, max - 0.1*Vpp 0.2*Vpp 

Vou Output high-level voltage Vpp?1.6V, lop max 0.8*Vpp 0.9*Vpp 5 
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Parameter 





lot Output low-level current 


(ores ale liacey ats 


Vpp=1.62V-3V, 
PORT.PINCFG.DRVSTR=0 





Vpp=3V-3.63V, 
PORT.PINCFG.DRVSTR=0 





Vpp=1.62V-3V, 
PORT.PINCFG.DRVSTR=1 





Vpp=3V-3.63V, 
PORT.PINCFG.DRVSTR=1 


10 





lon Output high-level current 


Vpp=1.62V-3V, 
PORT.PINCFG.DRVSTR=0 


0.7 





Vpp=3V-3.63V, 
PORT.PINCFG.DRVSTR=0 





Vpp=1-62V-3V, 
PORT.PINCFG.DRVSTR=1 





Vpp=3V-3.63V, 
PORT.PINCFG.DRVSTR=1 


mA 





eS Rise time’) 


PORT.PINCFG.DRVSTR=0 


load = 5pF, Vpp = 3.3V 


15 





PORT.PINCFG.DRVSTR=1 
load = 20pF, Vpp = 3.3V 


15 





tleorn. Fall time” 


PORT.PINCFG.DRVSTR=0 
load = 5pF, Vpp = 3.3V 


15 





PORT.PINCFG.DRVSTR=1 
load = 20pF, Vpp = 3.3V 


15 


ns 











lLEaK Input leakage current 





Pull-up resistors disabled 





-4 





+/-0.015 





1 





yA 








Note: 1. These values are based on simulation. These values are not covered by test limits in production or characterization. 


Table 35-14. USB Pins Characteristics in I/O Configuration 


















































Parameter Oey ate lid(oyar 

Reut Pull-up - Pull-down resistance 20 40 60 kQ 
Vpp=1.62V-2.7V - - 0.25*Vpp 

Vi Input low-level voltage 
Vpp=2.7V-3.63V - - 0.3*Vpp 
Vpp=1.62V-2.7V 0.7*Vpp - - 

Vin Input high-level voltage V 
Vpp=2.7V-3.63V 0.55*Vpp - - 

Vor Output low-level voltage Vpp?1.6V, Io, max = 0.1*Vpp 0.2*Vpp 

Vou Output high-level voltage Vpp>1.6V, Io max 0.8*Vpp 0.9*Vpp - 
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Parameter Conditions 
Vop=1.62V-3V, r a 1 
PORT.PINCFG.DRVSTR=0 
Vop=3V-3.63V, P i 95 
PORT.PINCFG.DRVSTR=0 , 
lot Output low-level current 
Vop=1.62V-3V, 7 : 3 
PORT.PINCFG.DRVSTR=1 
Vop=3V-3.63V, - ; 10 
PORT.PINCFG.DRVSTR=1 
mA 
Vop=1.62V-3V, , : 07 
PORT.PINCFG.DRVSTR=0 ; 
Vop=3V-3.63V, : : 2 
PORT.PINCFG.DRVSTR=0 
lou Output high-level current 
Vop=1.62V-3V, 7 : 2 
PORT.PINCFG.DRVSTR=1 
Vop=3V-3.63V, ; 7 
PORT.PINCFG.DRVSTR=1 
PORT.PINCFG.DRVSTR=0 F 15 
load = 5pF, Vpp = 3.3V 
eS Rise time’) 
PORT.PINCFG.DRVSTR=1 ; 15 
load = 20pF, Vpp = 3.3V 
ns 
PORT.PINCFG.DRVSTR=0 : 15 
load = 5pF, Vpp = 3.3V 
tleorn. Fall time” 
PORT.PINCFG.DRVSTR=1 : 15 
load = 20pF, Vpp = 3.3V 
lLEaK Input leakage current Pull-up resistors disabled al +/-0.015 1 UA 
Note: 1. These values are based on simulation. These values are not covered by test limits in production or characterization. 
35.8.3  XOSC Pin 
XOSC pins behave as normal pins when used as normal I/Os. Refer to Table 35-11. 
35.8.4 XOSC32 Pin 
XOSC32 pins behave as normal pins when used as normal I/Os. Refer to Table 35-11. 
35.8.5 External Reset Pin 
Reset pin has the same electrical characteristics as normal I/O pins. Refer to Table 35-11. 
35.9 Injection Current 
Stresses beyond those listed in the table below may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or other conditions beyond those indicated in the operational 
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sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


Table 35-15. Injection Current”) 





























Symbol Parameter 
lint? 10 pin injection current -1 +1 
Tage IO pin injection current -15 +15 mA 
linjtotal Sum of IO pins injection current -45 +45 
Notes: 4: Injecting current may have an effect on the accuracy of Analog blocks 


2 Conditions for Vpin: Vpin < GND-0.3V or 3.6V < Vpin < 4.2V 
Conditions for VDD: 3V < VDD < 3.6V. 


lf Vpin iS lower than GND-0.6V, then a current limiting resistor is required. The negative DC injection current limiting resistor R is calculated as 
R = |(GND-0.6V . Vpin)/linj1]. 
If Vpin is greater than VDD+0.6V, a current limiting resistor is required. The positive DC injection current limiting resistor R is calculated as 
R = (Vpin-(VDD+0.6V))/linj1 
3. Conditions for Vpin: Vpin < GND-0.6V or Vpin < 3.6V. 
Conditions for VDD: VDD < 3V. 
If Vpin is lower than GND-0.6V, a current limiting resistor is required. The negative DC injection current limiting resistor R is calculated as 
R = |(GND-0.6V . Vpin)/linj2|. 
If Vpin is greater than VDD+0.6V, a current limiting resistor is required. The positive DC injection current limiting resistor R is calculated as 
R = (Vpin-(VDD+0.6V))/linj2. 
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35.10 Analog Characteristics 
35.10.1 Voltage Regulator Characteristics 


Table 35-16. Decoupling requirements 


Symbol 








Parameter Conditions 
C Input regulator capacitor, F 47 r F 
IN between Vppiy and GND H 
Note: Supplying any external components using VDDCORE pin is not allowed to assure the integrity of the core 
supply voltage. 


35.10.2 Power-On Reset (POR) Characteristics 


Table 35-17. POR Characteristics 
Wan} exe) 
| Vpot+ 


| Vpor- 


Parameter 


(orev ate li trey als 





Voltage threshold on Vppyn rising 








1.27 | 1.43 | 1.58 
Vopp falls at 1V/ms or slower 
Voltage threshold on Vppyn falling 0.72 | 1.02 














Figure 35-2. POR Operating Principle 

aA 
(a) 
> 
Veore 
Voor. 





Time 


Reset 
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35.10.3 Brown-Out Detectors Characteristics 


35.10.3.1 BOD33 


Figure 35-3. BOD33 Hysteresis OFF 





RESET 


Figure 35-4. BOD33 Hysteresis ON 





RESET 


Table 35-18. BOD33 LEVEL Value 




































































Wan} exe)| BOD33.LEVEL lofeyaToli ite) ary Min Typ. Max. 
6 - 1.67 1.71 
7 - 1.70 1.75 
Veop+ Hysteresis ON 
39 - 2.81 2.83 
48 - 3.09 3.20 
6 1.61 1.64 1.65 
Veoo- 7 Hysteresis ON 1.64 1.67 1.69 
or or 
Veop 39 Hysteresis OFF 2.72 2.76 2.79 
48 3.00 3.07 3.10 
Note: See chapter Memories table “N\VIVi User Row Mapping” on page 23 for the BOD33 default value settings. 
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Table 35-19. BOD33 Characteristics 









































SW ta) ee) Parameter Conditions Typ. 
Step size, between 
adjacent values in - 34 - 
BOD33.LEVEL mV 
Vuyst Vegop+ - Vgop- Hysteresis ON 35 = 100 
Time with Vopana < VtH 
pee Detection time necessary to generate a - 0.9") - 
reset signal Us 
tstartup Startup time 2.2") e 
Note: 1. These values are based on simulation. These values are not covered by test limits in production or characterization. 


Table 35-20. BOD33 Mode Characteristics 













































































Han} exe) Parameter ofoyaToli (ey ary 
25°C 25 48 
IDLE2, Continuous mode ——— _ 3.3V 
-40 to 85°C - 50 
25°C 0.034 0.21 
Pe om I ees . IDLE2, Samplingmode  ——— 1.8V UA 
eer -40 to 85°C - 1.62 
25°C 0.132 0.38 
STDBY, Sampling mode —— 3.3V 
-40 to 85°C - 1 
35.10.4 Analog-to-Digital (ADC) Characteristics 
Table 35-21. Operating Conditions 
Symbol Parameter Conditions Min. Typ. ENS Units 
RES Resolution 8 - 12 bits 
fetk_apc ADC Clock frequency 30 - 2100 kHz 
Conversion speed 10 1000 
Single shot 5 - 300 
Sample rate’) ksps 
Free running 5 e 350°) 
Sampling time” 0.5 - - cycles 
Conversion time’) 1x Gain 6 = = cycles 
VREF Voltage reference range 1.0 - Vppana-0.6 V 
Veerintay Internal 1V reference () - 1.0 - Vv 
Internal ratiometric 
VREFINTVCCO reference 0(2) = Vppana/1.48 = Vv 
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Table 35-21. Operating Conditions (Continued) 





















































Parameter Conditions 
Vv Internal ratiometric 
Reever 2) 2.0V<Vppana<3-063V -1 - 1 % 
Voltage Error + reference O\°’ error 
Vv Internal ratiometric Vv, >2.0V s Vv 12 : V 
REFINTVCC1 reference 1 (2) DDANA’” <- DDANA’ 
Vv Internal ratiometric 
Snr! 2) 2.0V<Vppana<3-063V -1 - 1 % 
Voltage Error + reference 1\°’ error 
Differential mode -VpeF/GAIN - +Vpe-F/GAIN 
Conversion range’) 
Single-ended mode 0.0 - +Vper/GAIN 
Csampte Sampling capacitance’? - 3.5 - pF 
Input channel source 
R : - - 3.5 kQ 
SAMPLE —__ resistance”) 
low DC supply current’ fork apc = 2.1MHz") - 3.8 4.5 mA 
Notes: 1. These values are based on characterization. These values are not covered by test limits in production. 
2. These values are based on simulation. These values are not covered by test limits in production or characterization. 
3. In this condition and for a sample rate of 350ksps, a conversion takes 6 clock cycles of the ADC clock (conditions: 1X gain, 12-bit resolution, 


differential mode, free-running). 


Table 35-22. Differential Mode 

































































Symbol Parameter Conditions 
ENOB Effective Number Of Bits With gain compensation - 10.5 10.7 bits 
TUE Total Unadjusted Error 1x Gain 3.1 43 20 LSB 
INL Integral Non Linearity 1x Gain 1.0 1.3 6.3 LSB 
DNL Differential Non Linearity 1x Gain +/-0.3 +/-0.5  — +/-0.98 LSB 
Ext. Ref 1x -25.0 2.5 +25.0 mV 
Gain Error Veer=Vppana/1.48 -30.0 -1.5 +30.0 mV 
Bandgap -15.0 -5.0 +10.0 mV 
Ext. Ref. 0.5x +/-0.04 +/-0.2 +/-1.5 % 
Gain Accuracy) — t+ 
Ext. Ref. 2x to 16x +/-0.1 +/-0.4 +/-2.0 % 
Ext. Ref. 1x -10.0 -1.5 +10.0 mV 
Offset Error Veer=Vppana/1.48 -10.0 0.5 +10.0 mV 
Bandgap -10.0 3.0 +10.0 mV 
SFDR Spurious Free Dynamic Range 62.7 70.4 75.8 dB 
: 3 ; 5 / 1x Gain 
SINAD Signal-to-Noise and Distortion Fcucape = 2 IMblz 54.1 61.4 62.7 dB 
SNR Signal-to-Noise Ratio Fin = 40kHz 54.5 63.6 65.6 dB 
: a‘ - | Ai = 95%FSR 
THD Total Harmonic Distortion -74 -70.2 -63 dB 
Noise RMS T=25°C 0.6 1.0 2 mV 
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Notes: 1. 
2. 
3: 


4. 


If |Vinl > Vrer/4 


@ — Vew_in < 0-95*Vppana + Veee/4 - 0.75V 
@  Vom_in > Vrer/4 -0.05*Vppana -0.1V 


If Vin] < Vrer/4 
@  Vew_in < 1-2"Vppana - 0.75V 
@ — Vom_in > 9-2*Vppana - 0.1V 


Table 35-23. Single-Ended Mode 


Maximum numbers are based on characterization and not tested in production, and valid for 5% to 95% of the input voltage range. 
Dynamic parameter numbers are based on characterization and not tested in production. 
Respect the input common mode voltage through the following equations (where Voy |x is the Input channel common mode voltage): 


The gain accuracy represents the gain error expressed in percent. Gain accuracy (%) = (Gain Error in V x 100) / (2*Vref/GAIN) 
















































































Parameter (ofey ate liaeyaty 
ENOB Effective Number of Bits With gain compensation 9.5 9.8 Bits 
TUE Total Unadjusted Error 1x gain 10.5 40.0 LSB 
INL Integral Non-Linearity 1x gain 1.0 1.6 10.0 LSB 
DNL Differential Non-Linearity 1x gain +/-0.5 +/-0.6 +/-0.98 LSB 
Gain Error Ext. Ref. 1x -5.0 0.7 +5.0 mV 
Ext. Ref. 0.5x +/-0.09 +/-0.59 +/-3.5 % 
Gain Accuracy) 
Ext. Ref. 2x to 16X +/-0.03 +/-0.2 +/-4.0 % 
Offset Error Ext. Ref. 1x -5 2.0 10 mV 
SFDR Spurious Free Dynamic Range 54.2 65.0 67.0 dB 
: : : : 1x Gain 
SINAD Signal-to-Noise and Distortion Feleupe = 2.1Miz 47.5 59.5 61 dB 
SNR _ Signal-to-Noise Ratio Fin = 40kHz 48 60.0 64 dB 
Ain = 95%FSR 
THD Total Harmonic Distortion -74 -68.8 -62.1 dB 
Noise RMS T = 25°C - 1.0 - mV 
Notes: 1. Maximum numbers are based on characterization and not tested in production, and for 5% to 95% of the input voltage range. 


2. Respect the input common mode voltage through the following equations (where Voy jx is the Input channel common mode voltage) for all Vij: 
© Von <0-7*Vopana + Vrer/4 - 0.75V 7 
@  Vew_in > Vrer/4 — 0.3*Vppana > 0.1V 

3. The gain accuracy represents the gain error expressed in percent. Gain accuracy (%) = (Gain Error in V x 100) / (Vpe¢/GAIN) 
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35.10.4.1 Performance with the Averaging Digital Feature 


Averaging is a feature which increases the sample accuracy. ADC automatically computes an average value of 
multiple consecutive conversions. The numbers of samples to be averaged is specified by the Number-of-Samples-to- 
be-collected bit group in the Average Control register (AVGCTRL.SAMPLENUM[3:0]) and the averaged output is 
available in the Result register (RESULT). 


Table 35-24. Averaging feature 


Average =} \\[e} =) 

Number Conditions SNR (dB) SI INTN BM (e | =)) S} ad BSc |=) (evi) 

1 66.0 65.0 72.8 9.75 

8 In differential mode, 1x gain, 67.6 65.8 75.1 10.62 
Vopana=3-0V, Vere=1.0V, 350kSps 

32 T= 25°C 69.7 67.1 75.3 10.85 

128 70.4 67.5 15.5 10.91 



































35.10.4.2 Performance with the hardware offset and gain correction 


Inherent gain and offset errors affect the absolute accuracy of the ADC. The offset error cancellation is handled by 
the Offset Correction register (OFFSETCORR) and the gain error cancellation, by the Gain Correction register 
(GAINCORR). The offset and gain correction value is subtracted from the converted data before writing the Result 
register (RESULT). 


Table 35-25. Offset and Gain correction feature 


(er-Tin) Offset Error Gain Error Total Unadjusted Error 
Factor Conditions (mV) (mV) (BS) =)) 
0.5x 0.25 1.0 2.4 
1x 0.20 0.10 1.5 
In differential mode, 1x gain, 
2x Vopana=3-OV, Veee=1-0V, 350ksps 0.15 -0.15 2.7 
T= 25°C 
8x -0.05 0.05 3.2 
16x 0.10 -0.05 6.1 






































35.10.4.3 Inputs and Sample and Hold Acquisition Times 


The analog voltage source must be able to charge the sample and hold (S/H) capacitor in the ADC in order to achieve 
maximum accuracy. Seen externally the ADC input consists of a resistor (Roj,0,,) and a capacitor (Cyyyor¢ )- IN 
addition, the source resistance (source ) Must be taken into account when calculating the required sample and hold 
time. Figure 35-5 shows the ADC input channel equivalent circuit. 
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Figure 35-5. ADC Input 


| VDDIN/2 


| 
Analog Input | 


AINx CgaMPLE 






Rsource RsaMPLE 





To achieve n bits of accuracy, the C,,,,,,, Capacitor must be charged at least to a voltage of 


-(n+1) 


) 


Vesampir 2 Viy* A -2 
The minimum sampling time —tsyyerenorn ~~ FOF A GIVEN Reouece Can be found using this formula: 
tsamprenotp = (Rsaupte t+ Rsource) X (Csampe) X (2 t+ 1) x In(2) 


for a 12 bits accuracy: 


tsampLenoLD = (Rsampie + Rsource) X (Csampre) X 9.02 


where 
1 


tsAMPLEHOLD ~ 54.7. 
2x/f, 
Jape 


35.10.5 Digital to Analog Converter (DAC) Characteristics 


Table 35-26. Operating Conditions") 





















































Parameter Conditions 
Vppana_ | Analog supply voltage 1.62 = 3.63 Vv 
AV per External reference voltage 1.0 - Vppana-0-6 Vv 
Internal reference voltage 1 - 1 - Vv 
Internal reference voltage 2 = Vopana = Vv 
Linear output voltage range 0.05 - Vppana70.05 Vv 
Minimum resistive load 5 - - kQ 
Maximum capacitance load - - 100 pF 
low DC supply current”? Voltage pump disabled = 184 230 yA 
Notes: 1. These values are based on specifications otherwise noted. 
2. These values are based on characterization. These values are not covered by test limits in production. 
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Table 35-27. Clock and Timing") 

















































































































Symbol | Parameter Conditions 
= Normal mode - - 350 
Conversion rate mioad a He ksps 
load For Apata=tl-1 ool a 1000 
Vppna > 2.6V a is 2.85 Us 
Startup time 
Vppna < 2.6V a > 10 Us 
Note: 1. These values are based on simulation. These values are not covered by test limits in production or characterization. 
Table 35-28. Accuracy Characteristics") 
Symbol Parameter lovey aToli ite) ary Min. Typ. ED Units 
RES Input resolution 10 Bits 
Vpp = 1.6V 0.4 0.5 1.5 
Vrer= Ext 1.0V 
Vpp = 3.6V 0.6 0.7 1145) 
Vpp = 1.6V 1.4 1.5 25) 
INL Integral non-linearity Veer = Vppana LSB 
Vpp = 3.6V 0.7 0.8 1.5 
Vpp = 1.6V 0.4 0.5 1133 
Vrer= INT1V 
Vpp = 3.6V 0.3 0.4 5) 
Vpp = 1.6V +/-0.2 +/-0.5 +/-1.5 
Vrer= Ext 1.0V 
Vpp = 3.6V +/-0.4 +/-0.6 +/-1.2 
Vpp = 1.6V +/-1.1 +/-1.3 +/-1.5 
DNL Differential non-linearity Veer= VopANa LSB 
Vpp = 3.6V +/-1.0 +/-1.1 +/-1.2 
Vpp = 1.6V +/-0.2 +/-0.6 +/-1.5 
Vrer= INT1V 
Vpp = 3.6V +/-0.3 +/-0.6 +/-1.6 
Gain error Ext. Veer +/-1.5 +/-4.0 +/-10 mV 
Offset error Ext. Veer +/-1.0 +/-2 +/-6 mV 
Note: 1. All values measured using a conversion rate of 350ksps. 


35.10.6 Analog Comparator Characteristics 


Table 35-29. Electrical and Timing 


Parameter (ofeya Teli tte) at) 




















Positive input voltage 0 a Vv 
nde DDANA 
Vv 
Negative input voltage 0 is V, 
ange DDANA 
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Table 35-29. 


Electrical and Timing (Continued) 


Parameter 


(oxeya Teli tte) at) 



























































Hysteresis = 0, Fast mode -15 0.0 15 
Offset 
Hysteresis = 0, Low power mode -25 0.0 25 
mV 
Hysteresis = 1, Fast mode 20 50 85 
Hysteresis 
Hysteresis = 1, Low power mode 15 40 ie) 
Changes for Vacy=Vppana/2 90 180 
100mV overdrive, Fast mode 
Propagation delay Changes for Vaoyi=Vppana/2 ns 
100mV overdrive, Low power 282 520 
mode 
Enable to ready delay 
1 2.6 
Fast mode 
tstarTUP Startup time Us 
Enable to ready delay 
14 22 
Low power mode 
INL“ -1.4 0.75 1.4 
DNL”? -0.9 0.25 0.9 
Vscale 42 LSB 
Offset Error (1?) -0.2 0.260 0.92 
Gain Error ‘'?) -0.89 0.215 0.89 





Notes: 1. According to the standard equation V(X)=V_s5g*(X+1); Viss=Vppana/64 
2 Data computed with the Best Fit method 
3. Data computed using histogram 


35.10.7 Bandgap Reference Characteristics 


Table 35-30. Internal 1.1V Bandgap reference characteristics 


Wta) ee) 


Parameter 


(orev ale fitted ats 





INT1V 


Internal 1.1V Bandgap 
reference 


| Over voltage and [-40°C, +85°C] 


1.08 





| Over voltage at 25°C 





1.07 
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35.10.8 Temperature Sensor Characteristics 


35.10.8.1 Temperature Sensor Characteristics 





Table 35-31. Temperature Sensor Characteristics") 


Parameter 


(oxeyaTe litte) at) 






































Temperature sensor output See a 
voltage T= 25°C, Vppana = 3.3V 0.688 Vv 
Temperature sensor slope 2.06 2.16 2.26 mv/°C — 
Variation over Vopana VOltage = Vppana=1-62V to 3.6V -0.4 1.4 3.0 mV/V 
Temperature Sensor Using the method described in 10 7 10 °C 
accuracy Section 35.10.8.2 

Note: 1. These values are based on characterization. These values are not covered by test limits in production. 


Z. See also rev C errata concerning the temperature sensor. 


35.10.8.2 Software-based Refinement of the Actual Temperature 


The temperature sensor behavior is linear but it depends on several parameters such as the internal voltage 
reference which itself depends on the temperature. To take this into account, each device contains a Temperature 


Log row with data measured and written during the production tests. These calibration values should be read by 
software to infer the most accurate temperature readings possible. 


This Software Temperature Log row can be read at address 0x00806030. The Software Temperature Log row cannot 


be written. 


This section specifies the Temperature Log row content and explains how to refine the temperature sensor output 
using the values in the Temperature Log row. 


Temperature Log Row 


All values in this row were measured in the following conditions: 


@ =Vppin = Vopio = Vopana = 3-3V 


ADC Clock frequency = 1.0MHz 
ADC sample rate: 125ksps 
ADC sampling time: 57yus 


ADC voltage reference= 1.0V internal reference (INT1V) 
ADC input = temperature sensor 


Table 35-32. Temperature Log Row Content 


ADC mode: Free running mode, ADC averaging mode with 4 averaged samples 
Data computed on the average of 10 ADC conversions 











Bit Position Name Description 
07:00 ROOM_TEMP_VAL_INT Integer part of room temperature in °C 
11:08 ROOM_TEMP_VAL_DEC Decimal part of room temperature 
19:12 HOT_TEMP_VAL_INT Integer part of hot temperature in °C 
23:20 HOT_TEMP_VAL_DEC Decimal part of hot temperature 
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Table 35-32. Temperature Log Row Content (Continued) 














Bit Position Name Description 
31:24:00 ROOM INT1V VAL 2’s complement of the internal 1V reference drift at room 
Fs Ee temperature (versus a 1.0 centered value) 
39:32:00 HOT INT1V VAL 2’s complement of the internal 1V reference drift at hot 
= = temperature (versus a 1.0 centered value) 
51:40:00 ROOM_ADC_VAL 12bit ADC conversion at room temperature 
63:52:00 HOT_ADC_VAL 12bit ADC conversion at hot temperature 

















The temperature sensor values are logged during test production flow for Room and Hot insertions: 


e ROOM_TEMP_VAL_INT and ROOM_TEMP_VAL_DEC contains the measured temperature at room 
insertion (e.g. for ROOM_TEMP_VAL_INT=25 and ROOM_TEMP_VAL_DEC=2, the measured 
temperature at room insertion is 25.2°C). 


e HOT_TEMP_VAL_INT and HOT_TEMP_VAL_DEC contains the measured temperature at hot insertion 
(e.g. for HOT_TEMP_VAL_INT=83 and HOT_TEMP_VAL_DEC=3, the measured temperature at room 
insertion is 83.3°C). 


The temperature log row also contains the corresponding 12bit ADC conversions of both Room and Hot 
temperatures: 


e ROOM_ADC_VAL contains the 12bit ADC value corresponding to (ROOM_TEMP_VAL_INT, 
ROOM_TEMP_VAL_DEC) 


e HOT_ADC_VAL contains the 12bit ADC value corresponding to (HOT_TEMP_VAL_INT, 
HOT_TEMP_VAL_DEC) 


The temperature log row also contains the corresponding 1V internal reference of both Room and Hot temperatures: 


e ROOM_INT1V_VAL is the 2’s complement of the internal 1V reference value corresponding to 
(ROOM_TEMP_VAL_INT, ROOM_TEMP_VAL_DEC) 

e HOT_INT1V_VAL is the 2’s complement of the internal 1V reference value corresponding to 
(HOT_TEMP_VAL_INT, HOT_TEMP_VAL_DEC) 


e ROOM_INT1V_VAL and HOT_INT1V_VAL values are centered around 1V with a 0.001V step. In other 
words, the range of values [0,127] corresponds to [1V, 0.873V] and the range of values [-1, -127] 
corresponds to [1.001V, 1.127V]. INT1V == 1 - (VAL/1000) is valid for both ranges. 


Using Linear Interpolation 


For concise equations, we'll use the following notations: 

(ROOM_TEMP_VAL_INT, ROOM_TEMP_VAL_DEC) is denoted tempr 
(HOT_TEMP_VAL_INT, HOT_TEMP_VAL_DEC) is denoted temp,, 
ROOM_ADC_VAL is denoted ADCg, its conversion to Volt is denoted Vancr 
HOT_ADC_VAL is denoted ADC,,, its conversion to Volt is denoted Vancy 
ROOM_INT1V_VAL is denoted INT1Vp 

HOT_INT1V_VAL is denoted INT1V,, 
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Using the (tempp, ADCR) and (temp,, ADC,) points, using a linear interpolation we have the following equation: 


es Hance) = (Haven HADce) 
temp —tempp temp j,—tempp 


Given a temperature sensor ADC conversion value ADC,,, we can infer a coarse value of the temperature temp¢ as: 


[Equation 1] 


INT1V, 
{(40¢, ; Ro) - (apc, : a} (temp ;,—tempp) 


tempc = temppt 


Note 1: in the previous expression, we’ve added the conversion of the ADC register value to be expressed in V 
Note 2: this is a coarse value because we assume INT1V=1V for this ADC conversion. 


Using the (tempp, INT1Vp) and (tempy,, INT1V,,) points, using a linear interpolation we have the following equation: 


(= V—INT1 2) _ (= V,—-INT1 ra) 
temp —tempp temp y—tempp 


Then using the coarse temperature value, we can infer a closer to reality INT1V value during the ADC conversion as: 


UINT1V,,—INT1Vp) - (tempce- emp) 


INTI1V.. = INT +( 
Beam ere (femp,— temp) 


Back to /Equation 1], we replace INT1V=1V by INT1V = INT1V,,, we can then deduce a finer temperature value as: 
[Equation Ibis] 
INT\V,, INT1Vp 
(40c, . ——) - (40c, : ay) - (temp ;,—tempp) 


(2~-1) (2 
temp, = tempp + 


INT Viz INT Vr 
(4DC,- call -(4DC, sos 
(2~-1) (27-1) 
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35.11 NVM Characteristics 


Table 35-33. Maximum Operating Frequency 

















Vpp range NVM Wait States Maximum Operating Frequency Units 
0 14 
1 28 
1.62V to 2.7V 
2 42 
MHz 
3 48 
0 24 
2.7V to 3.63V 
1 67 




















Note that on this flash technology, a max number of 8 consecutive write is allowed per row. Once this number is 
reached, a row erase is mandatory. 


Table 35-34. Flash Endurance and Data Retention 









































Parameter Conditions 
Retyvm2sk Retention after up to 25k Average ambient 55°C 10 50 - Years 
Retyyvm2.sk Retention after up to 2.5k Average ambient 55°C 20 100 - Years 
Retyymioo Retention after up to 100 Average ambient 55°C 25 >100 Years 
Cyeny Cycling Endurance") -40°C < Ta < 85°C 25k 150k - Cycles 
Note: 1. Anendurance cycle is a write and an erase operation. 


Table 35-35. EEPROM Emulation) Endurance and Data Retention 











Parameter Conditions 
Reteepromioox. Retention after up to 100k Average ambient 55°C 10 | 50 | - Years 
| Reteepromtok | Retention after up to 10k | Average ambient 55°C | 20 | 100 | - | Years 
| Gea | Cycling Endurance?) 40°C < Ta < 85°C 400k | 600k | : | Cycles 











Notes: 1. The EEPROM emulation is a software emulation described in the App note AT03265. 
2. | Anendurance cycle is a write and an erase operation. 


Table 35-36. NVM Characteristics 


























Symbol Parameter lofeyaToli (ey ary : 
| tepp | Page programming time - | - | - | 2.5 | ms 
| tere | Row erase time = | = | = | 6 | ms 
DSU chip erase time 
‘cE (CHIP_ERASE) : ; - a) ne 
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Table 35-37. Flash Erase and Programming Current 


Symbol Parameter 





IDDyym = Maximum current (peak) during whole programming or erase operation - | 10 | - | mA 
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35.12 Oscillators Characteristics 


35.12.1 Crystal Oscillator (KOSC) Characteristics 


35.12.1.1 Digital Clock Characteristics 
The following table describes the characteristics for the oscillator when a digital clock is applied on XIN. 


Table 35-38. Digital Clock Characteristics 





Ht) ee) Parameter Conditions 


fopxin XIN clock frequency Digital mode a : 32 MHz 





35.12.1.2 Crystal Oscillator Characteristics 


The following table describes the characteristics for the oscillator when a crystal is connected between XIN and XOUT 
as shown in Figure 35-6. The user must choose a crystal oscillator where the crystal load capacitance C, is within the 
range given in the table. The exact value of C, can be found in the crystal datasheet. The capacitance of the external 
capacitors (C, -x7) can then be computed as follows: 


Cex = 2(C, ~ Cytray—Csuunt) 


where Coqpay is the capacitance of the pins and PCB, Cgyynz is the shunt capacitance of the crystal. 


Table 35-39. Crystal Oscillator Characteristics 



























































Parameter Conditions 
fout Crystal oscillator frequency 0.4 - 32 MHz 
f = 0.455MHz, C, = 100pF : 7 56K 
XOSC.GAIN = 0 ; 
f = 2MHz, C, = 20pF 7 _ A16 
XOSC.GAIN = 0 
f = 4MHz, C, = 20pF 243 
Crystal Equivalent Series XOSC.GAIN = 1 : : 
ESR Resistance Q 
Safety Factor = 3 f = 8MHZz, C, = 20pF : : 138 
XOSC.GAIN = 2 
f = 16MHz, C, = 20pF i ’ 66 
XOSC.GAIN = 3 
f = 32MHz, C, = 18pF 5 rf 56 
XOSC.GAIN = 4 
Cyn Parasitic capacitor load - 6.5 - pF 
Cyout Parasitic capacitor load - 4.3 - pF 
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Table 35-39. Crystal Oscillator Characteristics (Continued) 
































SW inlece)| Parameter Conditions 

f = 2MHz, C, = 20pF, AGC off 65 85 

f = 2MHz, C, = 20pF, AGC on 52 73 

f = 4MHz, C, = 20pF, AGC off 117 150 
f = 4MHz, C, = 20pF, AGC on 74 100 
f = 8MHz, C, = 20pF, AGC off 226 296 

lxosc Current Consumption yA 

f = 8MHz, C, = 20pF, AGC on 128 172 
f = 16MHz, C, = 20pF, AGC off 502 687 
f = 16MHz, C, = 20pF, AGC on 307 552 
f = 32MHz, C, = 18pF, AGC off 1622 2200 
f = 32MHz, C, = 18pF, AGC on 615 1200 





f = 2MHz, C, = 20pF, 


XOSC.GAIN = 0, ESR = 6002 14K 48K 





f = 4MHz, C, = 20pF, 


XOSC.GAIN = 1, ESR = 100Q 6800 19.5K 





f = 8MHz, C, = 20pF, 


tstartuP Startup time XOSC.GAIN = 2, ESR = 35Q 


5550 13K cycles 





f = 16MHz, C, = 20pF, 


XOSC.GAIN = 3, ESR = 25 6750 14.5K 





f = 32MHz, C, = 18pF, 


XOSC.GAIN = 4, ESR = 40 5.3K 9.6K 





























Figure 35-6. Oscillator Connection 





Crystal 
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35.12.2 External 32kHz Crystal Oscillator (KOSC32K) Characteristics 


35.12.2.1 Digital Clock Characteristics 
The following table describes the characteristics for the oscillator when a digital clock is applied on XIN32 pin. 


Table 35-40. Digital Clock Characteristics 








Nita) ee) Parameter Conditions 
ees | XIN32 clock frequency | Digital mode : | 32.768 : | kHz 
| XIN32 clock duty cycle | Digital mode : | 50 : | % 











35.12.2.2 Crystal Oscillator Characteristics 


Figure 35-6 and the equation in “Crystal Oscillator Characteristics” on page 886 also applies to the 32kHz oscillator 
connection. The user must choose a crystal oscillator where the crystal load capacitance C, is within the range given 
in the table. The exact value of C, can be found in the crystal datasheet. 


Table 35-41. 32kHz Crystal Oscillator Characteristics 





























Wan} ece)| Parameter Conditions 
fout Crystal oscillator frequency - 32768 Hz 
tstaRTUP Startup time ESRyqay = 39.9kQ, C, = 12.5pF - 28K 30K cycles 
C, Crystal load capacitance - - 12.5 
Csyunt Crystal shunt capacitance - 0.1 
pF 
Cyinge Parasitic capacitor load - 6.5 
SOIC20/14 packages 
Cyour32 Parasitic capacitor load - 4.3 
lxosc32k Current consumption = 1.22 2.19 yA 
Crystal equivalent series 
ESR resistance f=32.768kHz C, =12.5pF = = 100 kQ. 
Safety Factor = 3 
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35.12.3 Digital Frequency Locked Loop (DFLL48M) Characteristics 


Table 35-42. DFLL48M Characteristics - Open Loop Mode") 


SW inlece)| Parameter Conditions Min. Typ. WED Units 


DFLLVAL.COARSE = 
four Output frequency DFLL48M COARSE CAL 47 48 49 MHz 
DFLLVAL.FINE = 512 





DFLLVAL.COARSE = 
IDFLL Power consumption on Vppin DFLL48M COARSE CAL = 403 453 yA 
DFLLVAL.FINE = 512 





DFLLVAL.COARSE = 
DFLL48M COARSE CAL 
‘startup _—- Startup time DFLLVAL.FINE = 512 g 7 a 


foyr within 90% of final value 





























Note: 1. DFLL48M in Open loop after calibration at room temperature. 


Table 35-43. DFLL48M Characteristics - Close Loop Mode") 











Symbol Parameter lofeyaTol lite) ary Min. Typ. WEDS Units 
four Average Output frequency frer = 32.768kKHz 47.76 48 48.24 MHz 
fRer Reference frequency 0.732 32.768 33 kHz 
Jitter Cycle to Cycle jitter frer = 32.768kKHz = 5 0.42 ns 
IDFLL | Power consumption on Vppin frer = 32.768kKHz = 403 | 453 yA 





fer = 32.768kHz 
DFLLVAL.COARSE = 
DFLL48M COARSE CAL 
toce kt eee m 500 
DFLLCTRL.QLDIS = 0 
DFLLCTRL.CCDIS = 1 


DFLLMUL.FSTEP = 10 





























Note: 1. Toinsure that the device stays within the maximum allowed clock frequency, any reference clock for DFLL in close loop must be within a 2% 
error accuracy. 


35.12.4 32.768kHz Internal oscillator (OSC32K) Characteristics 
Table 35-44. 32kHz RC Oscillator Characteristics 


SW inlece)| Parameter lofeyaToli ite) ary Min. Typ. Ee Units 


Calibrated against a 32.768kHz 
reference at 25°C, over [-40, +85]°C, 30.3 32.768 34.2 
over [1.62, 3.63]V 





fout Output frequency Calibrated against a 32.768kHz kHz 
reference at 25°C, at Vpp=3.3V gee ges oz 





Calibrated against a 32.768kHz 


reference at 25°C, over [1.62, 3.63]V — SLITS 33.1 





























Atmel | SMART SAM D11 [DATASHEET 889 
Atmel | 


Atmel-42363H-SAM-D11-Datasheet_09/2016 














Parameter Conditions 
losc32K Current consumption 0.67 1.31 yA 
tstaRTUP | Startup time | 1 2 cycle 
Duty | Duty Cycle | 50 % 








35.12.5 Ultra Low Power Internal 32kHz RC Oscillator (OSCULP32K) Characteristics 


Table 35-45. Ultra Low Power Internal 32kHz RC Oscillator Characteristics 




























































































Symbol Parameter Conditions 
Calibrated against a 32.768kHz 
reference at 25°C, over [-40, +85]C, 27.8 32.768 37.8 
over [1.62, 3.63]V 
| Calibrated against a 32.768kHz 
four Output frequency reference at 25°C, at V5p=3.3V 32.85 32.768 32.8 kHz 
Calibrated against a 32.768kHz 
reference at 25°C, over 31.9 32.768 33.1 
[1.62, 3.63]V 
Duty Duty Cycle 50 % 
35.12.6 Multi RC Oscillator (OSC8M) Characteristics 
Table 35-46. Multi RC Oscillator Characteristics 
Hta} ee) Parameter lofeyaToli teary Min Typ. WED Units 
Calibrated against a 8MHz reference 
at 25°C, over [-40, +85]C, over 7.8 8 8.14 
[1.62, 3.63]V 
four Output frequency Calibrated against a 8MHz reference 7.94 8 8.06 MHz 
at 25°C, at Vpp=3.3V J g 
Calibrated against a 8MHz reference 
at 25°C, over [1.62, 3.63]V 12 : Ce 
TempCo Freq vs. temperature drift -2.3 1.6 % 
SupplyCo | Freq vs supply drift -1 1 % 
IDLE2 on OSC32K versus IDLE2 on 
loscsm Current consumption calibrated OSC8M enabled at 8MHz 64 96 yA 
(FRANGE=1, PRESC=0) 
tstarTUP Startup time 2.4 3.3 us 
Duty Duty cycle 50 % 
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35.12.7 Fractional Digital Phase Locked Loop (FDPLL96M) Characteristics 


Table 35-47. FDPLL96M Characteristics") 



























































Parameter Conditions 
fin Input frequency 32 - 2000 KHz 
four Output frequency 48 - 96 MHz 
fin= 32 kHz, foys= 48 MHz 400 700 
lFDPLL96m Current consumption yA 
fin= 32 KHZ, foyr= 96 MHz 650 900 
fin= 32 kHz, foys= 48 MHz 1.5 2 
fin= 32 kHz, foys= 96 MHz 3.0 10 
Jp Period jitter % 
fin= 2 MHZ, foyr= 48 MHz 1.3 2 
fin= 2 MHZ, foyr= 96 MHz 3.0 i 
After startup, time to get lock 
signal. 1.3 2 ms 
tlock Lock Time fin= 32 kHz, fout= 96 MHz 
fin= 2 MHZ, foyr= 96 MHz 25 50 us 
Duty Duty cycle 40 50 60 % 
Note: 1. All values have been characterized with FILTSEL[1/0] as default value. 
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35.13 PTC Typical Characteristics 


Figure 35-7. Power consumption [VA]. 
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Figure 35-8. Power consumption [VA]. 
1 sensor, Frequency mode = HOP, CPU Clk = 48MHz, PTC Clk = 2MHz, Vpp=3.3V 
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Figure 35-9. Power consumption [yA]. 
10 sensors, Frequency mode = None, CPU Clk = 48MHz, PTC Clk = 4MHz, Vpp=3.3V 
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Figure 35-10.Power consumption [pA]. 
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Figure 35-11.Power consumption [VA]. 
50 sensors, Frequency mode = None, CPU Clk = 48MHz, PTC Clk = 4MHz, Vpp=3.3V 
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Figure 35-12.Power consumption [pA]. 
50 sensors, Frequency mode = HOP, CPU Clk = 48MHz, PTC Clk = 2MHz, Vpp=3.3V 
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Figure 35-13.CPU utilization. 
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35.14 USB Characteristics 


The USB on-chip buffers comply with the Universal Serial Bus (USB) v2.0 standard. All AC parameters related to 
these buffers can be found within the USB 2.0 electrical specifications. 


The USB interface is USB-IF certified: 
- TID 40001664 - Peripheral Silicon > Low/Full Speed > Silicon Building Blocks 


Electrical configuration required to be USB compliance: 
- The CPU frequency must be higher 8MHz when USB is active (No constraint for USB suspend mode) 
- The operating voltages must be 3.3V (Min. 3.0V, Max. 3.6V). 
- The GCLK_USB frequency accuracy source must be less than: 
- In USB device mode, 48MHz +/-0.25% 


Table 35-48. GCLK_USB Clock Setup Recommendations 


(04 FoYos @-1-1 10) 0) UES) = BY= NV (er) 























Open loop No 

Closed loop, any internal OSC source No 
DFLL48M 

Closed loop, any external XOSC source Yes 

Closed loop, USB SOF source (USB recovery mode)\") Yes?) 

Any internal OSC source (32K, 8M, ... ) No 
FDPLL96M Any external XOSC source (< 1MHz) Yes 

Any external XOSC source (> 1MHz) Yes’) 














Notes: 1. When using DFLL48M in USB recovery mode, the Fine Step value must be Ah to guarantee a USB clock 
at +/-0.25% before 11ms after a resume. 
2. Very high signal quality and crystal less. It is the best setup for USB Device mode. 
3. FDPLL lock time is short when the clock frequency source is high (> 1MHz). Thus, FDPLL and external 
OSC can be stopped during USB suspend mode to reduce consumption and guarantee a USB wakeup 
time (See TDRSMDN in USB specification). 
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35.15 Timing Characteristics 


35.15.1 External Reset 


Table 35-49. External reset characteristics 











Symbol Parameter oe) aTelid(oya in. 
text Minimum reset pulse width | 10 | - = | ns | 
35.15.2 SERCOM in SPI Mode Timing 
Figure 35-14.SPI timing requirements in master mode 
ss 
+tuos—| tscxr >| tec | 
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Table 35-50. SPI timing characteristics and requirements”) 




























































































Parameter Oey ate lidfoyar 
tscx SCK period Master 84 
tscxw SCK high/low width Master - 0.5*tscx 
tscxr | SCK rise time?) Master - - 
tscxe  SCK fall time’? Master - - 
tus MISO setup to SCK Master - 21 
ty MISO hold after SCK Master - 13 
tuos MOSI setup SCK Master - tscK/2 - 3 
tmou MOSI hold after SCK Master - 3 
tsscx Slave SCK Period Slave T*toLk APB - 
tsscxw  SCK high/low width Slave 0.5*tggcx = 
tsscxe  SCK rise time’? Slave - - 7 
tsscxr | SCK fall time? Slave - - 
tsis MOSI setup to SCK Slave tsscx/2 - 9 - 
tsi MOSI hold after SCK Slave tsscx/2 - 3 - 
= PRELOADEN=1 AT ; 
tssg SS setup to SCK Slave SOS 
PRELOADEN=0 _tgog+7 - 
tssu SS hold after SCK Slave toy - 4 - 
tsog MISO setup SCK Slave . tggcy/2 - 18 
tsou MISO hold after SCK Slave - 18 
tsoss MISO setup after SS low Slave - 18 
tsosy MISO hold after SS high Slave - 10 
Notes: 1. These values are based on simulation. These values are not covered by test limits in production. 
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2: See “I/O Pin Characteristics” on page 867 
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35.15.3 SERCOM in I?C Mode Timing 


Table 35-51 describes the requirements for devices connected to the I2C Interface Bus. Timing symbols refer to 


Figure 35-16. 


Figure 35-16. I?C Interface Bus Timing 


SCL 


SDA 


Table 35-51. I?C Interface Timing" 


tsu;sTA |<») <——->] tp:sT~a 





tHIGH 


tHD;DAT] <> <> 



















































































Symbol Parameter Conditions 
Standard /Fastmode  C,,”) = 400pF - 230 350 
ime eeepc ater oy Fast mode + C,) = 550pF : 60 100 
High speed mode C, = 100pF : 30 60 
Standard /Fastmode 10pF < C,°) < 400pF = 25 50 
tor ao" time from Vitimin! | Fast mode + 10pF < C,”) < 550pF : 20 30 
High speed mode 10pF < C,”) < 100pF - 10 20 
tuo;sta ers es an fc > 100kHz, Master ti gw-9 : 
tlow Low period of SCL Clock fgg. > 100kHz 113 - - re 
or | Ba eSuRt comon a> t0OWHe hoy 
tup-pat Data hold time fgc_ > 100kHz, Master 9 = 12 
tsu:pat Data setup time fgc, > 100kHz, Master 104 = = 
tsu:sto Setup time for STOP condition fgc_ > 100kHz, Master tlowt9 - - 
tsu:patrRx | Data setup time (receive mode) foc. > 100kHz, Slave 51 - 56 
tup:partx | Data hold time (send mode) fgc, > 100kHz, Slave 71 90 138 
Notes: 1. These values are based on simulation. These values are not covered by test limits in production. 
2. Cb = Capacitive load on each bus line. Otherwise noted, value of C, set to 20pF. 
3. These values are based on characterization. These values are not covered by test limits in production. 
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35.15.4 SWD Timing 


Figure 35-17.SWD Interface Signals 


Read Cycle 





From debugger to 


SWDIO pin Stop FER events Tri State | -----------2-2--2-eosnneneeceesereecnee < Data 











USS ee Tow 
From debugger to 
SWDCLK pin | 














SWDIO pin to a 
an TriState | ---—----------—- < Acknowledge > Se aa 





Write Cycle 


From debugger to E 
GD reer We nnn —s 





+—Ti =e {—_ 
From debugger to 


SWDCLK pin 











SWDIO pin to 
debugger 








ees Tri State wn Acknowledge Data Data 





Table 35-52. SWD Interface Timings) 





















































Symbol Parameter Conditions 
THIGH SWDCLK High period 10 500000 
TLow SWDCLK Low period 10 500000 
lias SWDIO output skew to falling edge SWDCLK Myopia uets 30 te 2 ey, -5 5 
maximum external ns 
Up Input Setup time required between SWDIO capacitor = 40pF 4 c 
T Input Hold time required between SWDIO and 1 7 
In rising edge SWDCLK 
Note: 1. These values are based on simulation. These values are not covered by test limits in production or characterization. 
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36. Packaging Information 


36.1 Thermal Considerations 


36.1.1 Thermal Resistance Data 


Table 6-1 on page 13 summarizes the thermal resistance data depending on the package. 


Table 36-1. Thermal Resistance Data 











Package Type Oia Bic Units 
24-pin QFN 61.7 25.4 °C/W 
20-pin SOIC 44.0 21.0 °C/W 

20-ball WLCSP 37.4 6.6 °C/W 
14-pin SOIC 58.5 26.3 °C/W 




















36.1.2 Junction Temperature 


The average chip-junction temperature, T,, in °C can be obtained from the following: 


Equation 1 
T, = T4+(PpX 97,4) 


Equation 2 


Ty = 14+ (Pp Oxearsink + 8yc)) 


where: 


@ 04, = package thermal resistance, Junction-to-ambient (°C/W), provided in Table 6-1 on page 13. 
®@ 0jc = package thermal resistance, Junction-to-case thermal resistance (°C/W), provided in Table 6-1 on page 


13. 


@ = 8yEATsINK = Cooling device thermal resistance (°C/W), provided in the device datasheet. 


e Pp= device power consumption (W). 


e Ty, = ambient temperature (°C). 


From the Equation 1, the user can derive the estimated lifetime of the chip and decide if a cooling device is necessary 
or not. If a cooling device is to be fitted on the chip, the second equation should be used to compute the resulting 


average chip-junction temperature T, in °C. 
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36.2 Package Drawings 


36.2.1 24-pin QFN 


DRAWINGS NOT SCALED 








D =| 


cy He [STeaa[c]a) 


[STaaa[c]s] 








LASER MARK FOR PIN 1 
IDENTIFICATION IN THIS AREA 


TOP VIEW 





0.400 0.400 








| FFF] C/A|B 





PINi ID 
0.20R 


0.450 











BOTTOM VIEW 


Notes : 
(excepted D2/E2 Min et Nom). 





Q|{ccc}C Qieee|C 


A—| | 
A2 —=| 
—s A3 
Al 
— 0.10 








SEATING PLANE 





SIDE VIEW 


COMMON DIMENSIONS 


(Unit of Measure = mm) 





SYMBOL] MIN | NOM | MAX | NOTE 









































A 0.80 | 0.85 | 0.90 
AL | 0.00 | o-« 0,05 
AQ | 0.65 | 0.70 
A3 0.203 REF 
D/E 4.00 BSC 
p2y/e2 | 2.45 | 2.60 | 2.75 
L 0.35 | 0.40 | 0.45 
R 0.09 | ----- | ----- | 
b 0.18 | 0.25]030 | 2 | 
e 0.50 BSC 








TOLERANCES OF FORM AND POSITION 





aaa 


0.15 





0.10 





0.10 





0.05 





0.08 





0.10 








24 








1. This drawing is for general information only. Refer to JEDEC Drawing MO-220, Variation VGGD-6 for proper dimensions, tolerances, datums, etc. 


2. Dimension b applies to metallized terminal and is measured between 0.15mm and 0.30mm from the terminal tip. 
If the terminal has the optical radius on the other end of the terminal, the dimension should not be measured in that radius area. 02/18/2014 


Table 36-2. Device and Package Maximum Weight 





44 mg 














Table 36-3. Package Characteristics 





Moisture Sensitivity Level MSL3 














Table 36-4. Package Reference 





JEDEC Drawing Reference MO-220 





JESD97 Classification E3 
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36.2.2 20-pin SOIC 

















DRAWINGS NOT SCALED 








tau 















































| [@[bo>@]z/T@[vO] 


SEATING PLANE 


SIDE VIEW 








' 
tls Ie 


DETAIL 'F' GAUGE PLANE 





Table 36-5. Device and Package Maximum Weight 





Notes : 1. This drawing is for general information only. Refer to JEDEC Drawing MS-013, Variation AC. 
2. Dimensions D does not include mold Flash, protrusions or gate burrs. Mold Flash, protrusions or gate burrs shall not exceed 0.15mm per end. 
3. Dimensions E1 does not include inter-lead Flash or protrusion. Inter-lead Flash or protusion shall not exceed 0.25mm per side. 
4. Dimensions "b" does not include the Dambar protrusion. Allowable Dambar protrusion shall be 0.10mm total in excess of the "b" dimension 
maximum material condition. The Dambar may not be located on the lower radius of the foot. 








SEE DETAIL "F" 





8 
~~ END VIEW 


COMMON DIMENSIONS 


(Unit of Measure = mm) 





















































SYMBOL] MIN ] NOM] MAX | NOTE 
A | 2.35 | 2.50 | 2.65 
a1 | 0.10 0.30 
D |12.60/12.80|13.00) 2 
10.00] 10.30]10.65 
| e1 [740] 750]/7.60| 3 
PL Joao} | 1.27 
b lost] ---losi| 4 
c | 0.20 0.33 
e 1.27 BSC 
h | 0.25] -- | 0.75 
0 | o 8° 
TOLERANCES OF FORM AND POSITION 
aaa 0.25 
bbb 0.25 
cece 0.10 
n 20 

















02/05/2014 






































530 mg 
Table 36-6. Package Characteristics 

Moisture Sensitivity Level MSL3 
Table 36-7. Package Reference 

JEDEC Drawing Reference MS-013 

JESD97 Classification E3 
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36.2.3 20-ball WLCSP 






































DRAWINGS NOT SCALED fe | 
PIN Ai CORNER = [f 0.05 @[cla]B] 
b=@ 0.260+/-0.030 (20x) 
Al CORNER 
A A 
B B 
Cc |. 2.434+/-0.03 Cc 
D D 
E E 
| t 
a 1.934+/-0.03 ————+| 0.400 —=| = 
L.—____ 1.200 —____| 











TOP VIEW BOTTOM VIEW 


COMMON DIMENSIONS SIDE VIEW 
(Unit of Measure = mm) 




































































BALL SIGNAL_[X COORD [ Y COORD Cc 
Al PAO2 0.6 0.8 L.— 0.483 max 
A2 PAO3 0.2 0.8 
A3 PAO4 -0.2 0.8 “Ly [=— 9.20 +/- 0.03 
A4 PAOG -0.6 0.8 
BL VDD 0.6 0.4 
B2 PAOS 0.2 0.4 
B3 PAO7 -0.2 0.4 
B4 PAOS -0.6 0.4 
C1 PA25 0.6 0 
C2 GND 0.2 0 __| | 
C3 PAI6 -0.2 0 
C4 PAOO -0.6 0 
D1 PA24 0.6 -0.4 [= SEATING PLANE 
D2 PA30 0.2 -0.4 
D3 PA23 =0.2 -0.4 
D4 PA14 -0.6 -0.4 
El PA31 0.6 -0.8 
E2 PA28 0.2 -0.8 Backside Coating : 0.04mm 
Ea [Pais 06} 08 a Lf 0.203 +/- 0.025 





























Notes : 1. Dimension "b" is measured at the maximum ball diameter in a plane to the seating plane. 


Table 36-8. Device and Package Maximum Weight 

















Table 36-9. Package Characteristics 








Moisture Sensitivity Level MSL3 











Table 36-10. Package Reference 




















JEDEC Drawing Reference MS-220 
JESD97 Classification E8 
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36.2.4 14-pin SOIC 





DRAWINGS NOT SCALED 

















TOP VIEW 





COMMON DIMENSIONS 


(Unit of Measure = mm) 


SEE DETAIL "F" 


END VIEW 






















































































(Slece[z] 
r—1| SYMBOL] MIN ] NOM| MAX] NOTE 
a —_——_— A 1.35 | 1.60 | 1.75 
4 af Al 0.10 ose | 0.25 
= 14X b D 38.55 | 8.65 | 8.75 2 
SEATING PLANE [}[bbb@[z[v[O [TO] E 5.80 | 6.00 | 6.20 
SIDE VIEW EL 3.80| 3.90] 4.00 | 3 
L 0.40 woe | 1,27 
b 0.33 | ---- | 0.51 4 
c 0.19 | ----- 0.25 
e 1.27 BSC 
h 0.25) —.. 0.50 
tC) oe | ----- 8° 
| t TOLERANCES OF FORM AND POSITION 
FS | aaa 0.25 
\ | _ I bbb 0.25 
—=|oL 
GAUGE PLANE n 14 
DETAIL 'F' 


Notes : 1. This drawing is for general information only. Refer to JEDEC Drawing MS-012, Variation AB. 


2. Dimensions D does not include mold Flash, protrusions or gate burrs. Mold Flash, protrusions and gate burrs shal not exceed 0.15mm (0.006 in) per side. 
3. Dimensions E1 does not include inter-lead Flash or protrusions. Inter-lead Flash and protrusions shall not exceed 0.25mm (0.010 in) per side. 
4. Dimensions b does not include Dambar protrusion. Allowable Dambar protrusion shall be 0.10mm total in excess of the b dimension at 


maximum material condition. Dambar cannot be located on the lower radius of the foot. 


Table 36-11. Device and Package Maximum Weight 


01/31/2014 








230 mg 














Table 36-12. Package Characteristics 





Moisture Sensitivity Level MSL3 














Table 36-13. Package Reference 





JEDEC Drawing Reference MS-012 





JESD97 Classification E3 
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36.3 Soldering Profile 


The following table gives the recommended soldering profile from J-STD-20. 


Profile Feature Green Package 























Average Ramp-up Rate (217°C to peak) 3°C/s max 
Preheat Temperature 175°C +/-25°C 150-200°C 
Time Maintained Above 217°C 60-150s 

Time within 5°C of Actual Peak Temperature 30s 

Peak Temperature Range 260°C 
Ramp-down Rate 6°C/s max 
Time 25°C to Peak Temperature 8 minutes max 











A maximum of three reflow passes is allowed per component. 
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37. 


37.1 


37.1.1 


37.2 


37.2.1 


Schematic Checklist 


Introduction 


A good hardware design comes from a proper schematic. This chapter describes a common checklist which should 
be used when starting and reviewing the schematics for the design of the device. This chapter illustrates a 
recommended power supply connection, how to connect external analog references, programmer, debugger, 
oscillator,crystal and USB. 


Operation in Noisy Environment 


If the microcontroller is operating in an environment with much electromagnetic noise it must be protected from this 
noise to ensure reliable operation. In addition to following best practice EMC design guidelines, the recommendations 
listed in the schematic checklist sections must be followed. In particular placing decoupling capacitors very close to 
the power pins, a RC-filter on the RESET pin, and a pull-up resistor on the SWCLK pin is critical for reliable 
operations. It is also relevant to eliminate or attenuate noise in order to avoid that it reaches supply pins, I/O pins and 
crystals. 





Power Supply 
The device supports a single power supply from 1.62 to 3.63V. 


Power Supply Connections 


Figure 37-1. Power Supply Schematic 


Close to device 
(for every pin) 


1.62V-3.63V 


VDDIO/IN/ANA 





Table 37-1. Power Supply Connections, Vppcore From Internal Regulator 








Signal Name Recommended Pin Connection Description 
¥ 1.6V to 3.6V cceeay 
u voltage 
ae aee: Decoupling/filtering capacitors 100nF"'"?) and 4.7yF noe : 
GND Ground 





Notes: 1. These values are only given as typical examples. 
2. Decoupling capacitor should be placed close to the device for each supply pin pair in the signal group, 
low ESR caps should be used for better decoupling. 
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37.3 External Analog Reference Connections 


The following schematic checklist is only necessary if the application is using one or more of the external analog 
references. If the internal references are used instead, the following circuits in Figure 37-2 and Figure 37-3 are not 
necessary. 


Figure 37-2. External Analog Reference Schematic With Two References 


| Close to device 
| (for every pin) 


VREFA 


EXTERNAL 4, 
REFERENCE 1 


EXTERNAL 
REFERENCE 2 





Figure 37-3. External Analog Reference Schematic With One Reference 


Close to device 
| (for every pin) 
| 
| 


VREFA 





EXTERNAL 
REFERENCE 
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Table 37-2. External Analog Reference Connections 























Signal Name LSXXexe) salnat=vare (sco Mad (am exeyalalcreri(e)a) Description 
1.0V to Vopana - 0.6V for ADC 
VREFx 1.0V to Vopana - 9-6V for DAC External reference from VREFx pin on 
Decoupling/filtering capacitors the analog port 
100nF'""?) and 4.7pF“” 
GND Ground 
Notes: 1. These values are given as a typical example. 


Atmel 


2. Decoupling capacitor should be placed close to the device for each supply pin pair in the signal group. 
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37.4 


External Reset Circuit 


The external reset circuit is connected to the RESET pin when the external reset function is used. If the external reset 
function has been disabled, the circuit is not necessary. The reset switch can also be removed, if the manual reset is 
not necessary. After power up, the RESET pin has RESET functionality enabled by default. To use this pin as GPIO, 
user has to disable the RESET functionality using External Reset Controller (EXTCTRL) register. The RESET pin 
itself has an internal pull-up resistor, hence it is optional to also add an external pull-up resistor. 














Figure 37-4. External Reset Circuit Example Schematic 





A pull-up resistor makes sure that the reset does not go low unintended causing a device reset. An additional resistor 
has been added in series with the switch to safely discharge the filtering capacitor, i.e. preventing a current surge 
when shorting the filtering capacitor which again causes a noise spike that can have a negative effect on the system. 


Table 37-3. Reset Circuit Connections 


Signal Name SXXexe) silnatevare (sco Mad amexeyalatcveqi(eyal DY =X-Yet ge i(ey a] 


RESET 





Reset low level threshold voltage 

Vopio = 1.6V - 2.0V: Below 0.33 * Vopio 
Vopio = 2.7V - 3.6V: Below 0.36 * Vopio 
Decoupling/filter capacitor 100nF”) 
Pull-up resistor 10kQ"")(2) 

Resistor in series with the switch 330Q") 


Reset pin 














Notes: 1. These values are given as a typical example. 
2. The device features an internal pull-up resistor on the RESET pin, hence an external pull-up is optional. 





37.5 Unused or Unconnected Pins 
For unused pins the default state of the pins for the will give the lowest current leakage. There is thus no need to do 
any configuration of the unused pins in order to lower the power consumption. 
37.6 Clocks and Crystal Oscillators 
The device can be run from internal or external clock sources, or a mix of internal and external sources. An example 
of usage will be to use the internal 8MHz oscillator as source for the system clock, and an external 32.768kHz watch 
crystal as clock source for the Real-Time counter (RTC). 
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37.6.1 External Clock Source 


Figure 37-5. External Clock Source Example Schematic 


External 


Clock 
XIN 


XOUT/GPIO 
—NC/GPIO— 





Table 37-4. External Clock Source Connections 








Signal Name Recommended Pin Connection Description 
XIN XIN is used as input for an external clock signal Input for inverting oscillator pin 
XOUT/GPIO Can be left unconnected or used as normal GPIO 








37.6.2 Crystal Oscillator 
Figure 37-6. Crystal Oscillator Example Schematic 
XIN 


PF eS XOUT 





15pF 





The crystal should be located as close to the device as possible. Long signal lines may cause too high load to operate 
the crystal, and cause crosstalk to other parts of the system. 


Table 37-5. Crystal Oscillator Checklist 








Signal Name Recommended Pin Connection Description 
XIN | Load capacitor 15pF 2) | 

External crystal between 0.4 to 30MHz 
XOUT | Load capacitor 15pF''(?) | 





Notes: 1. These values are given only as typical example. 
2. Decoupling capacitor should be placed close to the device for each supply pin pair in the signal group. 


37.6.3 External Real Time Oscillator 


The low frequency crystal oscillator is optimized for use with a 32.768kHz watch crystal. When selecting crystals, load 
capacitance and crystal’s Equivalent Series Resistance (ESR) must be taken into consideration. Both values are 
specified by the crystal vendor. 

The device's oscillator is optimized for very low power consumption, hence close attention should be made when 
selecting crystals, see “Crystal Oscillator Characteristics” on page 886 for maximum ESR recommendations on 
12.5pF crystals. 
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The Low-frequency Crystal Oscillator provides an internal load capacitance of typical values available in Table 35-41. 
This internal load capacitance and PCB capacitance can allow to use a Crystal inferior to 12.5pF load capacitance 
without external capacitors as shown in Figure 37-7. 


Figure 37-7. External Real Time Oscillator without Load Capacitor 


XIN32 








However, to improve Crystal accuracy and Safety Factor, it can be recommended by crystal datasheet to add external 
capacitors as shown in the figure below. 
To find suitable load capacitance for a 32.768kHz crystal, consult the crystal datasheet. 


Figure 37-8. External Real Time Oscillator with Load Capacitor 


22pF XIN32 





22pF 





Table 37-6. External Real Time Oscillator Checklist 











Signal Name SXXexe)silnatcvare (sce ed tmexe)alar-veqi(eyal DY =X-Ye4 ge) i(oy | 
| XIN32 Load capacitor 22pF(")\?) | Timer oscillator input 
| XOUT32 Load capacitor 22pF\"(?) | Timer oscillator output 





Notes: 1. These values are given only as typical examples. 
2. Decoupling capacitor should be placed close to the device for each supply pin pair in the signal group. 


37.6.4 Calculating the Correct Crystal Decoupling Capacitor 


In order to calculate correct load capacitor for a given crystal one can use the model shown in the following figure 
which includes internal capacitors C,,,, external parasitic capacitance C_,, and external load capacitance Cp,. 
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Figure 37-9. Crystal Circuit With Internal, External and Parasitic Capacitance 





External 


Using this model the total capacitive load for the crystal can be calculated as shown in the equation below: 


— (Cp, + Cpy t+ Ces (Cro + Cpg + Caza) 
ys fob Cry + Cpy + Crys + Cra + Cpg + Cryo 


where C,,; is the total load capacitance seen by the crystal, this value should be equal to the load capacitance value 
found in the crystal manufacturer datasheet. 


The parasitic capacitance C,,,, can in most applications be disregarded as these are usually very small. If accounted 
for the value is dependent on the PCB material and PCB layout. 


For some crystal the internal capacitive load provided by the device itself can be enough. To calculate the total load 
capacitance in this case. C-,, and Cp, are both zero, C,, = C,2 = C,, and the equation reduces to the following: 


C 
> Crot > 


See “Electrical Characteristics” on page 858 for the device equivalent internal pin capacitance. 


37.7 Programming and Debug Ports 
For programming and/or debugging, the device should be connected using the Serial Wire Debug, SWD, interface. 
Currently the SWD interface is supported by several Atmel and third party programmers and debuggers, like the SAM- 
ICE, JTAGICE3 or the device’s Xplained Pro (device’s evaluation kit) Embedded Debugger. 
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Refer to the SAM-ICE, JTAGICE3 or the device’s Xplained Pro user guides for details on debugging and 
programming connections and options. For connecting to any other programming or debugging tool please refer to 
that specific programmer or debugger’s user guide. 


The device’s Xplained Pro evaluation board for the device supports programming and debugging through the onboard 
embedded debugger so no external programmer or debugger is needed. 


Note that a pull-up resistor on the SWCLK pin is critical for reliable operations. Refer to “Operation in Noisy 
Environment” on page 907. 


Figure 37-10.SWCLK Circuit Connections 


Vop | 





Table 37-7. SWCLK Circuit Connections 


Pin Name Description Recommended Pin Connection 





SWCLK Serial wire clock pin Pull-up resistor 1kQ 





37.7.1 Cortex Debug Connector (10-pin) 


For debuggers and/or programmers that support the Cortex Debug Connector (10-pin) interface the signals should be 
connected as shown in the following figure and detailed table. 
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Figure 37-11.Cortex Debug Connector (10-pin) 






10 Pin Debug Header (SWD) 





RESET 


SWDCLK 





Table 37-8. Cortex Debug Connector (10-pin) 




















Signal Name Description 

SWDCLK Serial wire clock pin 

SWDIO Serial wire bidirectional data pin 

RESET Target device reset pin, active low 

VTref Target voltage sense, should be connected to the device Vpp 
GND Ground 














37.7.2. 10-pin JTIAGICE3 Compatible Serial Wire Debug Interface 


The JTAGICE3 debugger and programmer does not support the Cortex Debug Connector (10-pin) directly, hence a 
special pinout is needed to directly connect the device to the JTAGICE3, alternatively one can use the JTAGICE3 
squid cable and manually match the signals between the JTAGICE3 and the device. The following figure describes 
how to connect a 10-pin header that support connecting the JTAGICE3 directly to the device without the need for a 
squid cable. 


To connect the JTAGICE3 programmer and debugger to the device, one can either use the JTAGICE3 squid cable, or 
use a 10-pin connector as shown in the figure with details given in the table to connect to the target using the 
JTAGICE3 cable directly. 
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Figure 37-12.10-pin JTAGICE3 Compatible Serial Wire Debug Interface 









10-pin JTAGICE3 Compatible 


Serial Wire Debug Header Voo 


SWDCLK 





SWDCLK 








Table 37-9. 10-pin JTAGICE3 Compatible Serial Wire Debug Interface 


Signal Name Description 

















SWDCLK Serial wire clock pin 

SWDIO Serial wire bidirectional data pin 

RESET Target device reset pin, active low 

VTG Target voltage sense, should be connected to the device Vpp 
GND Ground 











37.7.3. 20-pin IDC JTAG Connector 


For debuggers and/or programmers that support the 20-pin IDC JTAG Connector, e.g. the SAM-ICE, the signals 
should be connected as shown in the figure with details described in the table. 
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Figure 37-13.20-pin IDC JTAG Connector 


20-pin IDC JTAG Connector 


SWDCLK 




















Table 37-10. 20-pin IDC JTAG Connector 


Signal Name Description 























SWCLK Serial wire clock pin 
SWDIO Serial wire bidirectional data pin 
RESET Target device reset pin, active low 
VTref Target voltage sense, should be connected to the device Vpp 
GND Ground 

r These pins are reserved for firmware extension purposes. They can be left open or connected to GND in 
GND ‘ d i 

normal debug environment. They are not essential for SWD in general. 








37.8 USB Interface 
The USB interface consists of a differential data pair (D+/D-) and a power supply (VBUS, GND). 


Refer to the “Electrical Characteristics” on page 858 for operating voltages which will allow USB operation. 
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Table 37-11. USB Interface Checklist 





Signal Name SXXexo unl iatevare(=xe Mad a mexey altered t(oya) 


e The impedance of the pair should be 
matched on the PCB to minimize 

D+ reflections. 

e USB differential tracks should be routed 
with the same characteristics (length, width, 
number of vias, etc.) 





DY =X-Yoq df oj t(e)) 


USB full speed / low speed positive data upstream 
pin 





e Signals should be routed as parallel as 
possible, with a minimum number of angles 
and vias 











USB full speed / low speed negative data upstream 
pin 





Figure 37-14.Low Cost USB Interface Example Schematic 


USB VBUS 
Connector || USB 
Differential 








D+ 





VBUS Data Line Pair ("| USB_D+ 








D- 








GND 
Shield 


-______@ 

















GND (Board) 














aad USB_D- 








It is recommended to increase ESD protection on the USB D+, D-, and VBUS lines using dedicated transient 
suppressors. These protections should be located as close as possible to the USB connector to reduce the potential 
discharge path and reduce discharge propagation within the entire system. 


The USB FS cable includes a dedicated shield wire that should be connected to the board with caution. Special 
attention should be paid to the connection between the board ground plane and the shield from the USB connector 


and the cable. 


Tying the shield directly to ground would create a direct path from the ground plane to the shield, turning the USB 
cable into an antenna. To limit the USB cable antenna effect, it is recommended to connect the shield and ground 


through an RC filter. 
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Figure 37-15.Protected USB Interface Example Schematic 
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38. Errata 


38.1 Revision A 


38.2 Revision B 


38.2.1 DSU 


38.2.2. DMAC 


38.2.3. NVMCTRL 


38.2.4 Device 


Atmel 


Not Sampled 


1 - The MBIST ""Pause-on-Error"™" feature is not functional on this device. 
Errata reference: 14324 


Fix/Workaround: Do not use the ""Pause-on-Error™" feature. 


1 - If data is written to CRCDATAIN in two consecutive instructions, the CRC 
computation may be incorrect. Errata reference: 13507 


Fix/Workaround: 
Add a NOP instruction between each write to CRCDATAIN register. 


1 - Default value of MANW in NVM.CTRLB is 0. Errata reference: 13134 


This can lead to spurious writes to the NVM if a data write is done through a 
pointer with a wrong address corresponding to NVM area. 


Fix/Workaround: 
Set MANW in the NVM.CTRLB to 1 at startup 


2 - When external reset is active it causes a high leakage current on VDDIO. 
Errata reference: 13446 


Fix/Workaround: 


Minimize the time external reset is active. 


1 - Internal BOD12 could be re-enabled too early on some parts when 
leaving standby sleep mode, this could lead to a device reset with BOD12 as 
reset cause when leaving standby mode. Errata reference: 15513 
Fix/Workaround: 

Disable BOD12 by software just before entering standby sleep mode writing 


0x00000004 value at 0x40000838 location and re-enable it writing OxO0000006 at 
0x40000838 when exiting sleep mode. 


2 - The SYSTICK calibration value is incorrect. Errata reference: 14157 
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Fix/Workaround: 


The correct SYSTICK calibration value is 0x40000000. This value should not be 
used to initialize the Systick RELOAD value register, which should be initialized 
instead with a value depending on the main clock frequency and on the tick period 
required by the application. For a detailed description of the SYSTICK module, 
refer to the official ARM Cortex-M0+ documentation. 


3 - If APB clock is stopped and GCLK clock is running, APB read access to 
read-synchronized registers will freeze the system. The CPU and the DAP 
AHB-AP are stalled, as a consequence debug operation is impossible. 
Errata reference: 10416 


Fix/Workaround: 


Do not make read access to read-synchronized registers when APB clock is 
stopped and GCLK is running. To recover from this situation, power cycle the 
device or reset the device using the RESETN pin. 


4 - The voltage regulator in low power mode is not functional at 
temperatures above 85C. Errata reference: 12291 


Fix/Workaround: 

Enable normal mode on the voltage regulator in standby sleep mode. 

Example code: 

// Set the voltage regulator in normal mode configuration in standby sleep mode 
SYSCTRL->VREG.bit.RUNSTDBY = 1; 


5 - In I2C Slave mode, writing the CTRLB register when in the AMATCH or 
DRDY interrupt service routines can cause the state machine to reset. Errata 
reference: 13574 


Fix/Workaround: 

Write CTRLB.ACKACT to 0 using the following sequence: 
// \f higher priority interrupts exist, then disable so that the 
// following two writes are atomic. 

SERCOM - STATUS.reg = 0; 
SERCOM - CTRLB.reg = 0; 
// Re-enable interrupts if applicable. 


Write CTRLB.ACKACT to 1 using the following sequence: 
// \f higher priority interrupts exist, then disable so that the 
/! following two writes are atomic. 
SERCOM - STATUS.reg = 0; 
SERCOM - CTRLB.reg = SERCOM_I2CS_CTRLB_ACKACT; 


// Re-enable interrupts if applicable. 
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Otherwise, only write to CTRLB in the AMATCH or DRDY interrupts if it is to close 
out a transaction. 


When not closing a transaction, clear the AMATCH interrupt by writing a 1 to its bit 
position instead of using CTRLB.CMD. The DRDY interrupt is automatically 
cleared by reading/writing to the DATA register in smart mode. If not in smart 
mode, DRDY should be cleared by writing a 1 to its bit position. 


Code replacements examples: 
Current: 
SERCOM - CTRLB.reg |= SERCOM_I2CS_CTRLB_ACKACT; 
Change to: 
// \f higher priority interrupts exist, then disable so that the 
// following two writes are atomic. 
SERCOM - STATUS.reg = 0; 
SERCOM - CTRLB.reg = SERCOM_I2CS_CTRLB_ACKACT; 
// Re-enable interrupts if applicable. 


Current: 

SERCOM - CTRLB.reg &= ~SERCOM_I2CS_CTRLB_ACKACT; 
Change to: 

// \f higher priority interrupts exist, then disable so that the 

/! following two writes are atomic. 

SERCOM - STATUS.reg = 0; 

SERCOM - CTRLB.reg = 0; 


/! Re-enable interrupts if applicable. 


Current: 

/* ACK or NACK address */ 

SERCOM - CTRLB.reg |= SERCOM_I2CS_CTRLB_CMD(0x3); 
Change to: 


/! CMD=0x3 clears all interrupts, so to keep the result similar, 
/! PREC is cleared if it was set. 


if (SERCOM - INTFLAG.bit.PREC) SERCOM - INTFLAG.reg = 
SERCOM_I2CS_INTFLAG_PREC; 


SERCOM - INTFLAG.reg = SERCOM_12CS_INTFLAG_AMATCH; 


6 - If the external XOSC32K is broken, neither the external pin RST nor the 
GCLK software reset can reset the GCLK generators using XOSC32K as 
source clock. Errata reference: 12164 


Fix/Workaround: 
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38.2.5 DFLL48M 


38.2.6 EIC 


38.2.7 SERCOM 


Atmel 


Do a power cycle to reset the GCLK generators after an external XOSC32K 
failure. 


1 - The DFLL clock must be requested before being configured otherwise a 
write access to a DFLL register can freeze the device. Errata reference: 9905 


Fix/Workaround: 


Write a zero to the DFLL ONDEMAND bit in the DFLLCTRL register before 
configuring the DFLL module. 


2 - The DFLL status bits in the PCLKSR register during the USB clock 
recovery mode can be wrong after a USB suspend state. Errata reference: 
11938 

Fix/Workaround: 


Do not monitor the DFLL status bits in the PCLKSR register during the USB clock 
recovery mode. 


3 - If the DFLL48M reaches the maximum or minimum COARSE or FINE 
calibration values during the locking sequence, an out of bounds interrupt 
will be generated. These interrupts will be generated even if the final 
calibration values at DFLL48M lock are not at maximum or minimum, and 
might therefore be false out of bounds interrupts. Errata reference: 10669 


Fix/Workaround: 


Check that the lockbits: DFLLLCKC and DFLLLCKF in the SYSCTRL Interrupt 
Flag Status and Clear register (INTFLAG) are both set before enabling the 
DFLLOOB interrupt. 


1 - When the EIC is configured to generate an interrupt on a low level or 
rising edge or both edges (CONFIGn.SENSEx) with the filter enabled 
(CONFIGn.FILTENx), a spurious flag might appear for the dedicated pin on 
the INTFLAG.EXTINT[x] register as soon as the EIC is enabled using CTRLA 
ENABLE bit. Errata reference: 15341 


Fix/Workaround: 
Clear the INTFLAG bit once the EIC enabled and before enabling the interrupts. 


1 - The I2C Slave SCL Low Extend Time-out (CTRLA.SEXTTOEN) and Master 
SCL Low Extend Time-out (CTRLA.MEXTTOEN) cannot be used if SCL Low 
Time-out (CTRLA.LOWTOUT) is disabled. When SCTRLA.LOWTOUT=0, the 

GCLK_SERCOM_SLOW is not requested. Errata reference: 12003 


Fix/Workaround: 
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38.2.8 TCC 


Atmel 


To use the Master or Slave SCL low extend time-outs, enable the SCL Low Time- 
out (CTRLA.LOWTOUT="1). 


2 -In USART autobaud mode, missing stop bits are not recognized as 
inconsistent sync (ISF) or framing (FERR) errors. Errata reference: 13852 
Fix/Workaround: 


None 


3 - If the SERCOM is enabled in SPI mode with SSL detection enabled 
(CTRLB.SSDE) and CTRLB.RXEN=1, an erroneous slave select low interrupt 
(INTFLAG.SSL) can be generated. Errata reference: 13369 


Fix/Workaround: 


Enable the SERCOM first with CTRLB.RXEN=0. In a subsequent write, set 
CTRLB.RXEN=1. 


4 - In TWI master mode, an ongoing transaction should be stalled 
immediately when DBGCTRL.DBGSTOP is set and the CPU enters debug 
mode. Instead, it is stopped when the current byte transaction is completed 
and the corresponding interrupt is triggered if enabled. Errata reference: 
12499 


Fix/Workaround: 
In TWI master mode, keep DBGCTRL.DBGSTOP=0 when in debug mode. 


1 - Advance capture mode (CAPTMIN CAPTMAX LOCMIN LOCMAX DERIV0) 
doesn’t work if an upper channel is not in one of these mode. Example: 
when CC[0]=CAPTMIN, CC[1]=CAPTMAX, CC[2]=CAPTEN, and 
CC[3]=CAPTEN, CAPTMIN and CAPTMAX won’t work. Errata reference: 
14817 


Fix/Workaround: 


Basic capture mode must be set in lower channel and advance capture mode in 
upper channel. 


Example: CC[O]=CAPTEN , CC[1]=CAPTEN , CC[2]=CAPTMIN, 
CC[3]=-CAPTMAX 


All capture will be done as expected. 


2 - In RAMP 2 mode with Fault keep, qualified and restart: Errata reference: 
13262 


If a fault occurred at the end of the period during the qualified state, the switch to 
the next ramp can have two restarts. 


Fix/Workaround: 
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Avoid faults few cycles before the end or the beginning of a ramp. 


3 - All DMA MCx triggers are not raised, on a CCx match. Errata reference: 13084 
Fix/Workaround: 
To update CC/CCBUF values through DMA, use DMA OVF triggers 


4 - With blanking enabled, a recoverable fault that occurs during the first increment of a 
rising TCC is not blanked. Errata reference: 12519 


Fix/Workaround: 


None 


5 - In Dual slope mode a Retrigger Event does not clear the TCC counter. Errata 
reference: 12354 


Fix/Workaround: 


None 


6 - In two ramp mode, two events will be generated per cycle, one on each ramp’s end. 
EVCTRL.CNTSEL.END cannot be used to identify the end of a double ramp cycle. Errata 
reference: 12224 


Fix/Workaround: 


None 


7 - When the RUNSTDBY bit is written after the TCC is enabled, the respective TCC APB 
bus is stalled and the RUNDSTBY bit in the TCC CTRLA register is not enabled-protected. 
Errata reference: 12477 


Fix/Workaround: 


None. 


8 - TCC fault filtering on inverted fault is not working. Errata reference: 12512 
Fix/Workaround: 


Use only non-inverted faults. 
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39. About This Document 


39.1 Conventions 
39.1.1 Numerical Notation 


Table 39-1. Numerical notation 


























165 Decimal number 

0101b Binary number (example 0b0101 = 5 decimal) 

0101 Binary numbers are given without suffix if unambiguous 

0x3B24 Hexadecimal number 

x Represents an unknown or don't care value 

Z Represents a high-impedance (floating) state for either a signal or a bus 








39.1.2 Memory Size and Type 


Table 39-2. Memory Size and Bit Rate 


SW anlece)| Description 


kB/kbyte kilobyte (2'° = 1024) 





MB/Mbyte megabyte (22° = 1024*1024) 





GB/Gbyte gigabyte (2°° = 1024*1024*1024) 

















b bit (binary O or 1) 

B byte (8 bits) 

{kbit/s 1,000 bit/s rate (not 1,024 bit/s) 
1Mbit/s 1,000,000 bit/s rate 

1 Gbit/s 1,000,000,000 bit/s rate 














39.1.3 Frequency and Time 


Table 39-3. Frequency and Time 


Hani ece)| Description 
































kHz 1kHz = 10°Hz = 1,000Hz 
MHz 10° = 1,000,000Hz 
GHz 10° = 1,000,000,000Hz 
S second 
ms millisecond 
us microsecond 
ns nanosecond 
Atmel Sent sh exete ial se@eie = 





39.1.4 Registers and Bits 


Table 39-4. Register and bit mnemonics 





R/W 


Read/Write accessible register bit. The user can read from and write to this bit. 





R 


Read-only accessible register bit. The user can only read this bit. Writes will be ignored. 





Ww 


Write-only accessible register bit. The user can only write this bit. Reading this bit will return an 
undefined value. 





BIT 


Bit names are shown in uppercase. (Example PINA1) 





BITS[n:m] 


A set of bits from bit n down to m. (Example: PINA3..0 = {PINA3, PINA2, PINA1, PINAO} 





Reserved 


Reserved bits are unused and reserved for future use. For compatibility with future devices, always 
write reserved bits to zero when the register is written. Reserved bits will always return zero when 
read. 





Reset 


PERIPHERAL/ 


If several instances of a peripheral exist, the peripheral name is followed by a number to indicate the 
number of the instance in the range 0-n. PERIPHERAL denotes one specific instance. 





SET/CLR 





Registers with SET/CLR suffix allows the user to clear and set bits in a register without doing a read- 
modify-write operation. These registers always come in pairs. Writing a one to a bitin the CLR 
register will clear the corresponding bit in both registers, while writing a one to a bit in the SET 
register will set the corresponding bit in both registers. Both registers will return the same value when 





read. If both registers are written simultaneously, the write to the CLR register will take precedence. 





39.2 Acronyms and Abbreviations 


Table 39-5 contains acronyms and abbreviations used in this document. 


Table 39-5. Acronyms and Abbreviations 


Abbreviation Description 












































AC Analog Comparator 
ADC Analog-to-Digital Converter 
ADDR | Address 
AHB AMBA Advanced High-performance Bus 
APB — AMBA Advanced Peripheral Bus 
AREF Analog reference voltage 
AVpp Analog supply voltage 
BLB Boot Lock Bit 
BOD Brown-out detector 
CAL Calibration 
CC Compare/capture 
CLK Clock 
CRC Cyclic Redundancy Check 
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CTRL Control 

DAC Digital to Analog converter 
DFLL Digital Frequency Locked Loop 
DSU Device service unit 

EEPROM Electrically Erasable Programmable Read-Only Memory 
EIC External interrupt controller 
EVSYS Event System 

GCLK Generic clock 

GND Ground 

GPIO General Purpose Input/Output 
iC Inter-integrated circuit 

IF Interrupt Flag 

INT Interrupt 

IOBUS /O Bus 

NMI Non-Maskable Interrupt 

NVIC Nested vector interrupt controller 
NVMCTRL Non-Volatile Memory controller 
OSC Oscillator 

PAC Peripheral access controller 
PC Program counter 

PER Period 

PM Power manager 

POR Power-on reset 

PTC Peripheral touch controller 
PWM Pulse Width Modulation 

RAM Random-access memory 

REF Reference 

RMW Read-modify-write 

RTC Real-time counter 

RX Receiver 

SERCOM Serial communication interface 
SMBus System Management Bus 

SP Stack Pointer 

SPI Serial peripheral interface 
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SRAM Static random-access memory 
SYSCTRL System controller 

SWD Single-wire debug 

TC Timer/Counter 

TX Transmitter 

ULP Ultra Low Power 

USART Universal synchronous and asynchronous serial receiver and transmitter 
Vop Digital supply voltage 

VREF Voltage reference 

WDT Watchdog timer 

XOSC Crystal oscillator 
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40. 


40.1 


Datasheet Revision History 


Rev. H — 08/2016 





“Ordering Information” on page 5 





Added “Device Identification” on page 6 





“/O Multiplexing and Considerations” on page 13 





Added SWDIO in IO multiplexing table 





“I/O Multiplexing and Considerations” on page 13 





Added a table note related to PA24 and PA25 pins 





“Memories” on 


page 21 





Updated “Embedded Memories” on page 21: Added reference to the EEPROM 
Updated the Table : Set as “Reserved” 73:64 bit position 
Added “NVM Calibration and Auxiliary Space” on page 21 





“PAC — Peripheral Access Controller’ on page 30 





Updated the PAC overiew: CLK_PACO_APB and CLK_PAC1_APB are enabled at reset while 
CLK_PAC2_APB is disabled at reset. 


Added “Register Description” on page 31 





“DSU — Device Service Unit” on page 39 





Updated the table in “System Services Availability When Accessed Externally” on page 48. MBIST is not 
available when the device is protected from the external address space. Yes has been changed to No in the 
table. 


Updated the content in “Testing of Onboard Memories (MBIST)” on page 47 about the MBIST run time 





“GCLK — Generic Clock Controller” on page 88 





“Signal Description” on page 89: Updated the signal name to GCLK_IO[5:0] 
Updated all the tables according to generic clock generator [5:0] 
Updated GEND!V GENDIV Reset value tables 





“SYSCTRL — System Controller” on page 143 





Updated the content in “Open-Loop Operation” on page 152 and in “Closed-Loop Operation” on page 152 
Updated “Debug Operation” on page 148 about debugger cold-plugging and hot plugging 





“WDT — Watchdog Timer” on page 208 





Updated the content in “Debug Operation” on page 209 





“RTC — Real-Time Counter” on page 227 





Updated the content in “Clock/Calendar (Mode 2)” on page 231 











“ADC — Analog-to-Digital Converter” on page 768 
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“Prescaler’ on page 7/72: Added the formula of the PropagationDelay for Free Running Mode 
Updated the Table 31-1 
Updated the description of /nterrupts 





“AC — Analog Comparators” on page 807 





“Block Diagram” on page 808: Removed one block diagram without DAC 





“Electrical Characteristics” on page 858 





Updated Table 35-1 “Absolute Maximum Ratings: 
Vpin: min and max changed respectively from GND-0.3V to GND-0.6V and GND+0.3V to GND+0.6V 


Updated Table 35-11: Normal I/O Pins Characteristics, the Pull-up - Pull-down resistance excludes PA24 
and PA25 pins. Those USB pins have different pull-up and pull-down 


Added “Injection Current” on page 870 


Updated “Analog-to-Digital (ADC) Characteristics” on page 874: Removed “Conversion Speed” from the 
Table 35-21 “Operating Conditions” 


Added Table 35-37 “Flash Erase and Programming Current” 
Updated Table 35-4: Renamed the table to “Supply Slew Rates” and added “Max Fall Rate = 0.05 V/us 
Updated the Table 35-2 “General Operating Conditions”: Voltage drop caution added 





“Electrical Characteristics at 105°C” on page 935 











Updated Table 35-1 “Absolute Maximum Ratings: 
Vpin: min and max changed respectively from GND-0.3V to GND-0.6V and GND+0.3V to GND+0.6V 
Added “Injection Current” on page 870 
Updated “Analog Characteristics” on page 872: Removed “Conversion Speed” from the Table 35-21 
“Operating Conditions” 
Updated Table 35-4: Renamed the table to “Supply Slew Rates” and added “Max Fall Rate = 0.05 V/us 


Updated the Table 35-2 “General Operating Conditions”: Voltage drop caution added 








40.2 Rev. G — 05/2016 





“SYSCTRL — System Controller’ on page 143 





“Principle of Operation” on page 148: Updated the last paragraph to “To force the oscillator to run in standby 


mode except for DFLL and DPLL, the RUNSTDBY bit must be written to one” 
DFLLCTRL: Removed RUNSTDBY bit 
DPLLCTRLA: Removed RUNSTDBY bit 





“ADC — Analog-to-Digital Converter” on page 768 





Table 31-13 and Table 31-14: Updated the content in the two respective tables 





“Electrical Characteristics” on page 858 











Table 35-22 and Table 35-23: The device has single power domain. The table notes updated accordingly. 
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40.3 Rev. 


F — 04/2016 





“Ordering Information” on page 5 





Added 105C ordering information for SAMD10 and SAMD11 





“Memories” on 


page 21 











“NVM User Row Mapping” on page 23: Added “Production setting” in the table 








40.4 Rev. 


E — 03/2016 





“Packaging Information” on page 901 





Table 36-1: Updated the thermal resistance values of the package 20-ball WLCSP 
“20-ball WLCSP” on page 904: Updated the value of the device maximum weight 





“Schematic Checklist” on page 907 





“Operation in Noisy Environment” on page 907: This section has been added 
“Programming and Debug Ports” on page 913: The pull-up resistor to SWCLK pin is 1kQ 





Errata: 











Revision B: Added errata related to EIC. Errata reference 15341 








40.5 Rev. 


D — 02/2016 





“I/O Multiplexing and Considerations” on page 13 





Table 6-1: Added AC: CMP0/1 in the IO multiplexing table 





“Memories” on 


page 21 





“NVM Software Calibration Row Mapping” on page 24: Removed the text “CRr_SYSCTRL_DFLLVAL” 





“TC — Timer/Counter’ on page 573 





“Capture Operations” on page 582: Removed timestamp from “Event Capture Action” 





“Electrical Cha 


racteristics at 105°C” on page 935 











“SERCOM in SPI Mode Timing” on page 968: added in the datasheet 
“SERCOM in I2C Mode Timing” on page 970: Added in the datasheet 
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40.6 Rev. 


C — 01/2016 





Introduced WLCSP20 package offering: 





“Features” on page 2: Added 20-ball WLCSP. 

“Ordering Information” on page 5: Added ATSAMD11D14A-UUT. 

“Configuration Summary” on page 3: Added WLCSP to 

“Pinout” on page 8: Added “SAM D11D 20-ball WLCSP’” on page 9. 

“I/O Multiplexing and Considerations” on page 13: Added WLCSP20 multiplexing signals. 
“Packaging Information” on page 901: 

- Added WLCSP20 to Table 36-1. 

- Added “20-ball \WWLCSP” on page 904 package drawing. 





“DSU — Device Service Unit” on page 39 





Updated Bit 21-16 - SERIES [5:0] in DID. The value of the field is 0x02. 





“SYSCTRL — System Controller” on page 143 





Updated description in “Drift Compensation” on page 154. 





“NVMCTRL — Non-Volatile Memory Controller’ on page 355 





Removed the text related to “AUTOWS bit” from “Clocks” on page 356 





“PORT” on page 378 





Updated Bit 17 - INEN in VWWRCONF!Gn. This bit determines the new value written to PINCFGy.INEN for all 
pins selected by..... 





“TC — Timer/Counter’ on page 573 





TC instances are paired ..... starting from TC1 (not from TCO) in “Clocks” on page 575 





“TCC — Timer/Counter for Control Applications” on page 614 





Updated “Stop Command”, “Pause Event Action” and “Event Action Off’ in “Counter Operation” on page 620 





“Electrical Cha 


racteristics” on page 858 





“Digital Frequency Locked Loop (DFLL48M) Characteristics” on page 889: Removed note from Table 35-43. 
“Digital Frequency Locked Loop (DFLL48M) Characteristics” on page 889: Added note to Table 35-43. 
“NVM Characteristics” on page 884: Updated the Table 35-33 

“Power Consumption” on page 861: Added Max values in the Table 35-7 





Appendix A 








Added “Electrical Characteristics at 105°C” on page 935 











40.7 Rev. 


B -— 07/2015 





“Description” o 


n page 1 





CoreMark score updated from 2.14 to 2.46 CoreMark/MHz. 





“NVM User Row Mapping” on page 23 
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Added WDT window default value which is WINDOW_1 = 0x5. 
Row bits [24:17] Reserved and Default value = 0x70. 
Row bit [41] Reserved and Default value = 0. 





“Starting CRC32 Calculation” on page 46 





Updated how NVMCTRL security bit affects only CRC32 through SWD interface. 





“SERCOM SP 


| — SERCOM Serial Peripheral Interface” on page 476 





Updated the features. Serial clock speed up to 12MHz in Master Operation. 





“USB — Universal Serial Bus” on page 714 





Updated all contents as this USB for SAM D11 is device only. 





REFCTRL Register 





Updated Table 31-7 on page 785. AREFx changed to VREFx. 





CTRLB Register 





Updated Table 33-3 on page 845. VREFP changed to VREFA. 





“Electrical Characteristics” on page 858 





Updated all SAMD11 Electrical characteristic values. 





“Ordering Information” on page 5: 





Removed carrier type “Tray” for ordering code selection 





“Schematic Checklist” on page 907 








Added “Schematic Checklist” on page 907 











40.8 Rev. 


A — 01/2015 








Initial revision 
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Appendix A. Electrical Characteristics at 105°C 


A.1 Disclaimer 


All typical values are measured at T = 25°C unless otherwise specified. All minimum and maximum values are valid 
across operating temperature and voltage unless otherwise specified. 


A.2 Absolute Maximum Ratings 


Stresses beyond those listed in Table 40-1 may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or other conditions beyond those indicated in the operational sections 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


Table 40-1. Absolute maximum ratings 



































Ht) ee) Parameter Min. Max. Units 
Vpp Power supply voltage 0 3.8 V 
hae Current into a Vpp pin - 92") mA 
lewis Current out of a GND pin - 130") mA 
Vein Pin voltage with respect to GND and Vpp GND-0.6V Vppt+0.6V Vv 
Tstorage Storage temp -60 150 °C 
Note: 1. Maximum source current is 46mA and maximum sink current is 65mA per cluster. Also note that each Vpp/GND pair is connected to 2 clusters 


so current consumption through the pair will be the sum of the clusters source/sink currents. 


A.3. General Operating Ratings 


The device must operate within the ratings listed in Table 40-2 in order for all other electrical characteristics and 
typical characteristics of the device to be valid. 


Table 40-2. General operating conditions”) 











Symbol Parameter 
Ven Power supply voltage 1.62) | 3.3 3.63 Vv 
Ta Temperature range | -40 | 25 105 | °C | 
Ty Junction temperature | - | - 125 | °C | 








Notes: 1. With BOD33 disabled. If the BOD33 is enabled, check Table 40-16 


2. CAUTION: In debugger cold-plugging mode, NVM erase operations are not protected by the BOD33 and BOD12. NVM erase operation at 
supply voltages below specified minimum can cause corruption of NVM areas that are mandatory for correct device behavior. 
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A.4 Supply Characteristics 


The following characteristics are applicable to the operating temperature range: T, = -40°C to 105°C, unless 
otherwise specified and are valid for a junction temperature up to T,; = 125°C. Refer to “Power Supply and Start-Up 
Considerations” on page 17. 


Table 40-3. Supply voltage Characteristics 






Symbol Conditions Min. Max. Units 





| Vop "Full Voltage Range | 1.62 | 3.63 | Vv | 





Table 40-4. Supply Rise Rates 


Fall Rate | Rise Rate 





Hin} exe)| Parameter Max Max. Units 
















































































| viene | 0.05 | 0.1 
DC supply peripheral I/Os, internal regulator and analog supply voltage V/us 
| VpDANA | 0.05 | 0.1 | 
A.5 Maximum Clock Frequencies 
Table 40-5. Maximum GCLK Generator Output Frequencies 
Symbol Description Undivided _ Divided Units 
focikceno / fectkK_MaIN 
focLKGENt 
leet GCLK Generator Output Frequency 96 48 MHz 
GCLKGEN3 
focLKGEN4 
fecLKGENS 
Table 40-6. Maximum Peripheral Clock Frequencies 
Symbol Description Max. Units 
fopy CPU clock frequency 48 MHz 
fap AHB clock frequency 48 MHz 
fapBa APBA clock frequency 48 MHz 
fappp APBB clock frequency 48 MHz 
fappc APBC clock frequency 48 MHz 
foclk_DFLL48M_REF DFLL48M Reference clock frequency 33 kHz 
fecLK_DPLL FDPLL96M Reference clock frequency 2 MHz 
fecLk DPLL_32k FDPLL96M 32k Reference clock frequency 32 kHz 
focLk wot WDT input clock frequency 48 MHz 
fectK_RTC RTC input clock frequency 48 MHz 
fectk_EIc EIC input clock frequency 48 MHz 
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Table 40-6. Maximum Peripheral Clock Frequencies (Continued) 
























































Symbol Description 
fecik_usB USB input clock frequency 48 MHz 
foectk_Evsys_cHANNEL_o | EVSYS channel 0 input clock frequency 48 MHz 
fecik_evsys cHANNEL.1 | _EVSYS channel 1 input clock frequency 48 MHz 
focLk_Evsys cHANNEL_2 | EVSYS channel 2 input clock frequency 48 MHz 
foctk_evsys_CHANNEL.3 | EVSYS channel 3 input clock frequency 48 MHz 
foctK_Evsys_CHANNEL_4 | EVSYS channel 4 input clock frequency 48 MHz 
fecik_evsys cHANNEL.5 | EVSYS channel 5 input clock frequency 48 MHz 
fecLK_SERCOMx SLOW Common SERCOM slow input clock frequency 48 MHz 
focLk_SERCOMO_CORE SERCOM6O input clock frequency 48 MHz 
fecLK_SERCOM1_CORE SERCOM1 input clock frequency 48 MHz 
focLk_SERCOM2_CORE SERCOM2 input clock frequency 48 MHz 
fectK tcco TCCO input clock frequency 96 MHz 
feck _tc1, GCLK_TC2 TC1,TC2 input clock frequency 48 MHz 
fectk_apc ADC input clock frequency 48 MHz 
feck _ac_DIG AC digital input clock frequency 48 MHz 
focLk_AC_ANA AC analog input clock frequency 64 kHz 
fecik pac DAC input clock frequency 350 kHz 
foctK ptc PTC input clock frequency 48 MHz 




















A.6 Power Consumption 
The values in Table 40-7 are measured values of power consumption under the following conditions, except where 
noted: 
e Operating conditions 
e@ = Vyppin = 3.3V 
e@ = Voppin = 1.8V, CPU is running on Flash with 3 wait state 


e Wake up time from sleep mode is measured from the edge of the wakeup signal to the execution of the 
first instruction fetched in flash. 


e Oscillators 
e XOSC (crystal oscillator) stopped 
e XOSC32K (32kHz crystal oscillator) running with external 32kHz crystal 
e DFLL48M using XOSC32K as reference and running at 48MHz 
e Clocks 
e DFLL48M used as main clock source, except otherwise specified. 


e CPU, AHB clocks undivided 
e APBA clock divided by 4 
e APBB and APBC bridges off 
e The following AHB module clocks are running: NVMCTRL, APBA bridge 
e All other AHB clocks stopped 
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e The following peripheral clocks running: PM, SYSCTRL, RTC 
e All other peripheral clocks stopped 


I/Os are inactive with internal pull-up 
CPU is running on flash with 1 wait states 
NVMCTRL cache enabled 

BOD33 disabled 


Table 40-7. Current Consumption 
















































































Mode Conditions Ta Voc Min. Typ. WEY @ Units 
25°C 3.3V 3.01 
CPU running a While(1) algorithm 
105°C =: 3.3V 3.06 
mA 
CPU running a While(1) algorithm Vapy=1.8V, 2 C 18V 2.95 
CPU is running on Flash with 3 wait states 105°C 1.8V 3.06 
. 53*freq + 
CPU running a While(1) algorithm, CPU is 25°C -3.3V 330 A 
running on Flash with 3 wait states with (with freq 
GCLKIN as reference 105°C 3.3V 53*freq + in MHz) 
402 
25°C 3.3V 3.39 
CPU running a Fibonacci algorithm 
105°C = 3.3V 3.45 
mA 
CPU running a Fibonacci algorithm 25°C 1.8V 3:33 
Vopin=1.8V, CPU is running on flash with 3 
ACTIVE wait states 105°C 1.8V 3.45 
3 61*freq + 
CPU running a Fibonacci algorithm, CPU is 25°C 3.3V 335 yA 
running on Flash with 3 wait states with (with freq 
GCLKIN as reference 105°C -3.3V 61*freq + in MHz) 
404 
25°C 3.3V 4.04 
CPU running a CoreMark algorithm 
105°C = 3.3V 4.13 
mA 
CPU running a CoreMark algorithm 25°C 1.8V 3.62 
Vppin=1-8V, CPU is running on flash with 3 
wait states 105°C 1.8V S01 
is 74*freq + 
CPU running a CoreMark algorithm, CPU is 25°C 3.3V 356 yA 
running on Flash with 3 wait states with (with freq 
GCLKIN as reference 105°C -3.3V ae + in MHz) 
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Table 40-7. Current Consumption (Continued) 


NV Koyo [=3 Conditions 














































































































25°C 3.3V 1.89 
IDLEO 
105°C 3.3V 1.95 
25°C 3.3V 1.36 
IDLE1 mA 
105°C =3.3V 1.40 
25°C 3.3V 1.17 
IDLE2 
105°C 3.3V 1.19 
XOSC32K running 25°C 3.3V 10.40 
RTC running at 1kHz 105°C 3.3V 142.50 
STANDBY yA 
25°C 3.3V 9.20 
XOSC32K and RTC stopped 
105°C 3.3V 137.50 
Table 40-8. Wake-up Time 
Mode Conditions Ta Min. Typ. Max. Units 
25°C 4.0 
IDLEO OSC8M used as main clock source, cache disabled 
105°C 4.0 
25°C 12.1 
IDLE1 OSC8M used as main clock source, cache disabled 
105°C 14.3 
Us 
25°C 13.0 
IDLE2 OSC8M used as main clock source, cache disabled 
105°C 15.2 
25°C 19.6 
STANDBY OSC8M used as main clock source, cache disabled 
105°C 20.1 
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Figure 40-1. Measurement Schematic 






VDDANA 


Since USB peripheral complies with the Universal Serial Bus (USB) v2.0 standard, USB peripheral power 


consumption is described a specific section. 
except USB 


A.6.1_ USB Peripheral Power Consumption 


Default conditions, except where noted: 
e Operating conditions 
e VvppIn = 3.3V 


e Oscillators 
e XOSC32K (32kHz crystal oscillator) running with external 32kHz crystal in USB Host mode 
e Clocks 


e USB Device mode: DFLL48M in USB recovery mode (Crystal less) 


e USB Host mode: DFLL48M in closed loop with XOSC32K (32 kHz crystal oscillator) running with external 
32kHz crystal 


e CPU, AHB and APBn clocks undivided 
e The following AHB module clocks are running: NVMCTRL, HPB2 bridge, HPB1 bridge, HPBO bridge 
e All other AHB clocks stopped 
I/Os are inactive with internal pull-up 
CPU in IDLEO mode 
Cache enabled 
BOD33 disabled 


In this default conditions, the power consumption I gorau is Measured. 


Measurements do not include consumption of clock source (ex: DFLL48M or FDPLL96M) and CPU. However no CPU 
activity is required during all states (Suspend, IDLE, Data transfer). 
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Measurements have been done with an USB cable of 1.5m. 


For USB Device mode, measurements include the maximum consumption (200A) through pull-up resistor on the D+ 
line for USB attach. This value depends on USB Host characteristic. 


Operating modes: 


USB power consumption is provided in the following tables. 


Table 40-9. Typical USB Device Full Speed mode Current Consumption 


Run the USB Device/Host states in regards of the Universal Serial Bus (USB) v2.0 standard. 
































UES] = 3s DY (of- Mj r-1¢- i Oey Telia (ey at) Typ. Units 
GCLK_USB is off, using USB wakeup asynchronous interrupt. 
ppshend USB bus in suspend mode. 204 me 
GCLK_USB is on. 
ep oie USB bus in suspend mode. pee 
Start Of Frame is running. 
IDLE No packet transferred. Vg 
mA 
: Start Of Frame is running. 
Rete OUT Bulk OUT on 100% bandwidth. alt 
: Start Of Frame is running. 
eves Bulk IN on 100% bandwidth. 103 
Notes: Measures include the consumption (200UA) of the 1.5 kQ pull-up on the D+ line for USB attach 


oD 


Measures include consumption of DFLL48M in USB recovery mode, excepted SUSPEND state which turns off DFLL48M 


Measures do not include CPU consumption. However no CPU activity is required during all states (Suspend, IDLE, Data transfer) 


Measures done with an USB cable of 1.5m 


A.7 W/O Pin Characteristics 


A.7.1. Normal I/O Pins 


Table 40-10. Normal I/O Pins Characteristics 









































Parameter Oey ate lid(oyar 

Reut Pull-up - Pull-down resistance 20 40 60 kQ 
Vpp=1.62V-2.7V - - 0.25*Vpp 

Vi Input low-level voltage ; 
Vpp=2.7V-3.63V - - 0.3*Vpp 
Vpp=1.62V-2.7V 0.7*Vpp - - 

Vin Input high-level voltage Vv 
Vpp=2.7V-3.63V 0.55*Vpp - - 

VoL Output low-level voltage Vpp>1.6V, Io, max - 0.1*Vpp 0.2*Vpp 

Vou Output high-level voltage Vpp>1.6V, Ioy max 0.8*Vpp 0.9*Vpp - 
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Parameter 


(ores ale liacey ats 





Output low-level current 


Vpp=1.62V-3V, 
PORT.PINCFG.DRVSTR=0 





Vpp=3V-3.63V, 
PORT.PINCFG.DRVSTR=0 





Vpp=1.62V-3V, 
PORT.PINCFG.DRVSTR=1 





Vpp=3V-3.63V, 
PORT.PINCFG.DRVSTR=1 


10 





Output high-level current 


Vpp=1.62V-3V, 
PORT.PINCFG.DRVSTR=0 


0.7 





Vpp=3V-3.63V, 
PORT.PINCFG.DRVSTR=0 





Vpp=1-62V-3V, 
PORT.PINCFG.DRVSTR=1 





Vpp=3V-3.63V, 
PORT.PINCFG.DRVSTR=1 


mA 





trisE 


Rise time” 


PORT.PINCFG.DRVSTR=0 
load = 5pF, Vpp = 3.3V 


15 





PORT.PINCFG.DRVSTR=1 
load = 20pF, Vpp = 3.3V 


15 





teaLL 


Fall time” 


PORT.PINCFG.DRVSTR=0 
load = 5pF, Vpp = 3.3V 


15 





PORT.PINCFG.DRVSTR=1 
load = 20pF, Vpp = 3.3V 


15 


ns 











| LEAK 


Input leakage current 





Pull-up resistors disabled 





-4 





+/-0.015 





1 





yA 





Note: 


1. These values are based on simulation. These values are not covered by test limits in production or characterization. 


A.7.2 I?C Pins 
Refer to “I/O Multiplexing and Considerations” on page 13 to get the list of IC pins. 


Table 40-11. IC Pins Characteristics in IC configuration 








SWitaleye)| Parameter exeyaToliareya 
Reut Pull-up - Pull-down resistance 20 40 60 kQ 
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Parameter 





foxey ate li icey ay 















































Vpp=1.62V-2.7V - - 0.25*Vpp 
Vit Input low-level voltage 
Vpp=2-7V-3.63V - - 0.3*Vpp 
Vpp=1.62V-2.7V 0.7*Vpp - - 
Vin Input high-level voltage 
Vpp=2.7V-3.63V 0.55*Vpp - - 
V 
Vuys Hysteresis of Schmitt trigger inputs 0.08*Vpp - = 
Vpp> 2. 
pug ae! : 2 0.4 
IoL=3mA 
VoL Output low-level voltage 
Vpp<2.0V * 
Io =2mA - - 0.2*Vpp 
C, Capacitance for each I/O Pin pF 
Vo, =0.4V 
Standard, Fast 3 = = 
and HS Modes 
lon Output low-level current Vo, =0.4V ye j j mA 
Fast Mode+ 
Vo, =0.6V 6 - = 
fscr SCL clock frequency - - 3.4 MHz 
fgg. $ 100kHz 
Rp Value of pull-up resistor Q 
fgg. > 100kHz 


























Table 40-12. USB Pins Characteristics in I/O Configuration 









































Parameter Oey are lid(oyar 

Reut Pull-up - Pull-down resistance 20 40 60 kQ 
Vpp=1.62V-2.7V - - 0.25*Vpp 

Vi Input low-level voltage 
Vpp=2.7V-3.63V - - 0.3*Vpp 
Vpp=1.62V-2.7V 0.7*Vpp - - 

Vin Input high-level voltage Vv 
Vpp=2.7V-3.63V 0.55*Vpp - - 

Vor Output low-level voltage Vpp?1.6V, Io, max = 0.1*Vpp 0.2*Vpp 

Vou Output high-level voltage Vpp>1.6V, Io max 0.8*Vpp 0.9*Vpp - 
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Parameter (ores ale liacey ats 







































































Vpp=1.62V-3V, : i 4 
PORT.PINCFG.DRVSTR=0 
Vpp=3V-3.63V, ¥ 25 
PORT.PINCFG.DRVSTR=0 , 

lot Output low-level current 
Vpp=1.62V-3V, 7 : 3 
PORT.PINCFG.DRVSTR=1 
Vpp=3V-3.63V, r ; 10 
PORT.PINCFG.DRVSTR=1 

mA 

Vpp=1.62V-3V, 7 7 07 
PORT.PINCFG.DRVSTR=0 , 
Vpp=3V-3.63V, : ; 9 
PORT.PINCFG.DRVSTR=0 

lon Output high-level current 
Vpp=1.62V-3V, r 7 2 
PORT.PINCFG.DRVSTR=1 
Vpp=3V-3.63V, ; ; 7 
PORT.PINCFG.DRVSTR=1 
PORT.PINCFG.DRVSTR=0 k 15 
load = 5pF, Vpp = 3.3V 

eS Rise time’) 
PORT.PINCFG.DRVSTR=1 15 
load = 20pF, Vpp = 3.3V 

ns 

PORT.PINCFG.DRVSTR=0 y 15 
load = 5pF, Vpp = 3.3V 

tleorn. Fall time” 
PORT.PINCFG.DRVSTR=1 15 
load = 20pF, Vpp = 3.3V 

lLEaK Input leakage current Pull-up resistors disabled al +/-0.015 1 UA 

Note: 1. These values are based on simulation. These values are not covered by test limits in production or characterization. 


A.8 Injection Current 


Stresses beyond those listed in the table below may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or other conditions beyond those indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


Table 40-13. Injection Current”) 














Parameter 
| lin” 10 pin injection current -1 +4 | 
| Tai 10 pin injection current -15 +15 | mA 
| linjtotal | Sum of IO pins injection current | -45 | +45 | 
Notes: 1: Injecting current may have an effect on the accuracy of Analog blocks 


2. Conditions for Vpin: Vpin < GND-0.3V or 3.6V < Vpin < 4.2V 
Conditions for VDD: 3V < VDD < 3.6V. 
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lf Vpin is lower than GND-0.6V, then a current limiting resistor is required. The negative DC injection current limiting resistor R is calculated as 
R = |(GND-0.6V . Vpin)/linj1]. 


If Vpin is greater than VDD+0.6V, a current limiting resistor is required. The positive DC injection current limiting resistor R is calculated as 
R = (Vpin-(VDD+0.6V))/linj1 

3 Conditions for Vpin: Vpin < GND-0.6V or Vpin < 3.6V. 
Conditions for VDD: VDD < 3V. 


If Vpin is lower than GND-0.6V, a current limiting resistor is required. The negative DC injection current limiting resistor R is calculated as 
R = |(GND-0.6V . Vpin)/linj2|. 


If Vpin is greater than VDD+0.6V, a current limiting resistor is required. The positive DC injection current limiting resistor R is calculated as 
R = (Vpin-(VDD+0.6V))/linj2. 


A.9 Analog Characteristics 
A.9.1 Voltage Regulator Characteristics 


Table 40-14. Decoupling requirements 


Wisi eye) Parameter lofeyaToliitey ary 





Input regulator capacitor, 


between Vip and GND bl 


UF 

















Note: Supplying any external components using VDDCORE pin is not allowed to assure the integrity of the core 
supply voltage. 


A.9.2 Power-On Reset (POR) Characteristics 


Table 40-15. POR Characteristics 






































Symbol | Parameter Conditions 
Vpot+ Voltage threshold on Vppin rising e207, 1.43 1.58 
Vopp falls at 1V/ms or slower Vv 
| Vas | Voltage threshold on Vpn falling 0.62 | 1.02 | 1.32 
Figure 40-2. POR Operating Principle 
oA 
Qa 
> 
Veors 
Voor. 
— ae 
A Time 
o 
n 
® 
na 
> 
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A.9.3. Brown-Out Detectors Characteristics 


BOD33 


Figure 40-3. BOD33 Hysteresis OFF 


RESET 


Figure 40-4. BOD33 Hysteresis ON 


RESET 


Table 40-16. BOD33 LEVEL Value 










































































Symbol BOD33.LEVEL lofoyaToli (eat) Min Typ. WEDS Units 
6 - 1.67 1.71 
7 - 1.70 1.75 
Veop+ Hysteresis ON 
39 - 2.81 2.83 
48 - 3.09 3.20 
Vv 
6 1.61 1.64 1.65 
Veop- 7 Hysteresis ON 1.64 1.67 1.69 
or or 
Veop 39 Hysteresis OFF 2.72 2.76 2.79 
48 3.00 3.07 3.10 
Note: See chapter Memories table “NVIVi User Row Mapping” on page 23 for the BOD33 default value settings. 
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Table 40-17. BOD33 Characteristics 




















































































































rH ta) ee) Parameter Conditions Typ. 
Step size, between 
adjacent values in - 34 - 
BOD33.LEVEL mV 
Vuyst Vegop+ - Vgop- Hysteresis ON 35 = 100 
Time with Vopana < VtH 
pee Detection time necessary to generate a - 0.9") - 
reset signal Us 
tstartup _ Startup time 2.21) - 
Note: 1. These values are based on simulation. These values are not covered by test limits in production or characterization. 
Table 40-18. BOD33 Mode Characteristics 
SWZ exe) | Parameter Conditions Ta Voc Typ. EV Units 
25°C 25 48 
IDLE2, Continuous mode 9 ~~  3.3V 
-40 to 105°C - 51 
25°C 0.034 0.21 
Peo I aes ‘ IDLE2, Sampling mode  ———__ 1.8V UA 
consumption -40 to 105°C = 244 
25°C 0.132 0.38 
STDBY, Sampling mode ——— _ 3.3V 
-40 to 105°C - 1.5 
A.9.4  Analog-to-Digital (ADC) Characteristics 
Table 40-19. Operating Conditions 
hati exe) Parameter Conditions Min. Typ. ENS Units 
RES Resolution 8 - 12 bits 
fetk_apc ADC Clock frequency 30 - 2100 kHz 
Single shot 5 - 300 
Sample rate’) ksps 
Free running 5 = 350°) 
Sampling time” 0.5 - - cycles 
Conversion time”) 1x Gain 6 - - cycles 
VoppaNA Power supply voltage T > 85°C 2.7 - 3.6 Vv 
VREF Voltage reference range 1.0 - Vppana-0.6 V 
Veerintay _ Internal 1V reference () - 1.0 - Vv 
Internal ratiometric 
VREFINTVCCO reference 0.2) = Vppana/1.48 = Vv 
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Table 40-19. Operating Conditions (Continued) 



































































































































Parameter lofeyateliiteyatsy 
VereFintvcco _ Internal ratiometric f : 6 
Voltage Error + reference 0°) error ONES Gay OTS SEN/ | { ze 
Vv Internal ratiometric Vv, >2.0V s Vv 12 : V 
REFINTVCC1 reference 1(2) DDANA~ 4: DDANA 
VeerFintvcc1 _ Internal ratiometric : 7 8 
Voltage Error + reference 1°) error 2 ON Vnoane 2 C83 d i # 
Differential mode -VpeF/GAIN - +Vpe-F/GAIN 
Conversion range’) 
Single-ended mode 0.0 - +Vper/GAIN 
Csampte Sampling capacitance’? - 3.5 - pF 
Input channel source 
RsaMPLE resistance) i: . 2 ie 
lbp DC supply current’? fork apc = 2.1MHz"”) - 3.8 4.5 mA 
Notes: 1. These values are based on characterization. These values are not covered by test limits in production. 
2. These values are based on simulation. These values are not covered by test limits in production or characterization. 
3. In this condition and for a sample rate of 350ksps, a conversion takes 6 clock cycles of the ADC clock (conditions: 1X gain, 12-bit resolution, 
differential mode, free-running). 
Table 40-20. Differential Mode 
Symbol Parameter Conditions Min. Typ. EV Units 
ENOB Effective Number Of Bits With gain compensation - 10.0 10.4 bits 
TUE Total Unadjusted Error 1x Gain 3.1 4.3 16 LSB 
INL Integral Non Linearity 1x Gain 1.0 1.3 5.0 LSB 
DNL Differential Non Linearity 1x Gain +/-0.3 +/-0.5 | +/-0.98 LSB 
Ext. Ref 1x -25.0 2.5 +25.0 mV 
Gain Error Veer=Vppana/1.48 -30.0 -1.5 +30.0 mV 
Bandgap -15.0 -5.0 +10.0 mV 
Ext. Ref. 0.5x +/-0.04 +/-0.2 +/-1.0 % 
Gain Accuracy”) 
Ext. Ref. 2x to 16x +/-0.1 +/-0.4 +/-1.5 % 
Ext. Ref. 1x -10.0 -1.5 +10.0 mV 
Offset Error Veer=Vppana/1.48 -10.0 0.5 +10.0 mV 
Bandgap -10.0 3.0 +10.0 mV 
SFDR Spurious Free Dynamic Range 63.0 70.4 74.8 dB 
1x Gain 
SINAD Signal-to-Noise and Distortion Ecncane = 2uMbe 57.0 61.4 64.3 dB 
SNR Signal-to-Noise Ratio Fin = 40kHz 57.9 63.6 65.5 dB 
Ain = 95%FSR 
THD Total Harmonic Distortion -74.5 -70.2 -64.5 dB 
Noise RMS T=25°C 0.6 1.0 2 mV 
Notes: 1. Maximum numbers are based on characterization and not tested in production, and valid for 5% to 95% of the input voltage range. 


2. Dynamic parameter numbers are based on characterization and not tested in production. 
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3. Respect the input common mode voltage through the following equations (where Voy |x is the Input channel common mode voltage): 
e. If |Vinl > Vree/4 
@ — Vem_in < 0-95*Vopana + Vrer/4 — 0.75V 
@  Vew_in > Vrer/4 -0.05*Vopana -0.1V 
f. If Vin] < Vrer/4 
@  Vew_in < 1-2*Vppana - 0.75V 
@  Vew_in > 9-2*Vopana - 0.1V 


4. The ADC channels on pins PAO8, PAO9, PA10, PA11 are powered from the VDDIO power supply. The ADC performance of these pins will not be the same 


as all the other ADC channels on pins powered from the VDDANA power supply. 
5. The gain accuracy represents the gain error expressed in percent. Gain accuracy (%) = (Gain Error in V x 100) / (2*Vref/GAIN) 


Table 40-21. Single-Ended Mode 










































































Parameter (ote) ate lide) ary 
ENOB Effective Number of Bits With gain compensation 9.5 9.8 Bits 
TUE Total Unadjusted Error 1x gain 10.5 40.0 LSB 
INL Integral Non-Linearity 1x gain 1.0 1.6 10.0 LSB 
DNL Differential Non-Linearity 1x gain +/-0.5 +/-0.6 +/-0.98 LSB 
Gain Error Ext. Ref. 1x -5.0 0.7 +5.0 mV 
Ext. Ref. 0.5x +/-0.09 +/-0.59 +/-3.5 % 
Gain Accuracy") 
Ext. Ref. 2x to 16X +/-0.03 +/-0.2 +/-4.0 % 
Offset Error Ext. Ref. 1x -5 2.0 10 mV 
SFDR Spurious Free Dynamic Range 54.2 65.0 76.0 dB 
: : : 3 1x Gain 
SINAD Signal-to-Noise and Distortion Felipe = 2st 47.5 59.5 61 dB 
SNR Signal-to-Noise Ratio Fin = 40kHz 48 60.0 64 dB 
An = 95%FSR 
THD Total Harmonic Distortion -74 -68.8 -62.1 dB 
Noise RMS T = 25°C - 1.0 - mV 
Notes: 1. Maximum numbers are based on characterization and not tested in production, and for 5% to 95% of the input voltage range. 


2. Respect the input common mode voltage through the following equations (where Vey |x is the Input channel common mode voltage) for all Vix: 


© Vow in <0-7*Vppana + Vrep/4 — 0.75V 
@  Vom_in > Vrer/4 — 0.3*Vopana - 0.1V 


3. The ADC channels on pins PAO8, PAO9, PA10, PA11 are powered from the VDDIO power supply. The ADC performance of these pins will not be the same 


as all the other ADC channels on pins powered from the VDDANA power supply. 
4. The gain accuracy represents the gain error expressed in percent. Gain accuracy (%) = (Gain Error in V x 100) / (Vpe¢/GAIN) 


Performance with the Averaging Digital Feature 


Averaging is a feature which increases the sample accuracy. ADC automatically computes an average value of 


multiple consecutive conversions. The numbers of samples to be averaged is specified by the Number-of-Samples-to- 
be-collected bit group in the Average Control register (AVGCTRL.SAMPLENUM[3:0]) and the averaged output is 


available in the Result register (RESULT). 
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Table 40-22. Averaging feature 


Average 





1 

8 
32 
128 





Number 


lexey ate liacey ats 


In differential mode, 1x gain, 
Vppana=3-0V, Vrer=1.0V, 350kSps 
T= 25°C 

















= [e) =) 

















SNR (dB) STINE N (|=) MES) gS 1) (bits) 
66.0 65.0 72.8 9.75 
67.6 65.8 75.1 10.62 
69.7 67.1 75.3 10.85 
70.4 67.5 75.5 10.91 

















Gain 


Factor 


0.5x 
1x 
2x 
8x 
16x 





Performance with the hardware offset and gain correction 


Inherent gain and offset errors affect the absolute accuracy of the ADC. The offset error cancellation is handled by the 
Offset Correction register (OFFSETCORR) and the gain error cancellation, by the Gain Correction register 
(GAINCORR). The offset and gain correction value is subtracted from the converted data before writing the Result 


register (RESULT). 


Table 40-23. Offset and Gain correction feature 


Offset Error Gain Error Total Unadjusted Error 

Conditions (mV) (mV) (BS) =)) 

0.25 1.0 2.4 

0.20 0.10 1.5 
In differential mode, 1x gain, 
Vopana=3-OV, Vere=1.0V, 350ksps 0.15 -0.15 2.7 
T= 25°C 

-0.05 0.05 3.2 

0.10 -0.05 6.1 
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Inputs and Sample and Hold Acquisition Times 


The analog voltage source must be able to charge the sample and hold (S/H) capacitor in the ADC in order to achieve 
maximum accuracy. Seen externally the ADC input consists of a resistor (R¢,0,,) and a capacitor (Cyyyor¢ )- IN 
addition, the source resistance (R<ourc, ) Must be taken into account when calculating the required sample and hold 
time. Figure 35-5 shows the ADC input channel equivalent circuit. 


To achieve n bits of accuracy, the C,,,,»,, Capacitor must be charged at least to a voltage of 


-(n+1) 
Vesampie 2 Viy* A -2 ) 


The minimum sampling time for a giVeEN R.ource Can be found using this formula: 


S4MPLEHOLD 


tsamprenotp = (Rsaupie + Rsource) X (Csampie) x (2 t+ 1) x In(2) 


for a 12 bits accuracy: 


tsampLenoLD = (Rsampie + source) X (Csampre) X 9.02 


where 
1 


ts4MPLEHOLD 
2xf, 
ADC 
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A.9.5 Digital to Analog Converter (DAC) Characteristics 


Table 40-24. Operating Conditions) 


















































Symbol | Parameter Conditions Min. Typ. EV Units 
Vppana | Analog supply voltage 1.62 = 3.63 Vv 
AV REF External reference voltage 1.0 - Voppana-0.6 Vv 

Internal reference voltage 1 - 1 - Vv 

Internal reference voltage 2 = VppaANA = Vv 

Linear output voltage range 0.05 - Vppana70.05 Vv 

Minimum resistive load 5 - - kQ 

Maximum capacitance load - - 100 pF 

lap DC supply current”? Voltage pump disabled = 184 230 yA 
Notes: 1. These values are based on specifications otherwise noted. 


2. These values are based on characterization. These values are not covered by test limits in production. 


Table 40-25. Clock and Timing") 

























































































Symbol | Parameter Conditions 
= Normal mode - - 350 
Conversion rate a a ksps 
load For Apata=t!-1 im Fr) 1000 
Vppna > 2.6V A ‘7 2.85 Us 
Startup time 
Vppna < 2.6V ars = 10 Us 
Note: 1. These values are based on simulation. These values are not covered by test limits in production or characterization. 
Table 40-26. Accuracy Characteristics 
Symbol Parameter lofeyaToli ite) ary Min. Typ. WED Units 
RES Input resolution 10 Bits 
Vpp = 1.6V 0.4 0.5 2.5 
Vrer= Ext 1.0V 
Vpp = 3.6V 0.6 0.7 1.5 
Vpp = 1.6V 1.4 1.5 2.5 
INL Integral non-linearity Veer = VopANA LSB 
Vpp = 3.6V 0.7 0.8 1.5 
Vpp = 1.6V 0.4 0.5 15) 
Verer= INT1V 
Vpp = 3.6V 0.3 0.4 1.5 
Atmel | SMART SAM D11 [DATASHEET 951 
Atmel | 


Atmel-42363H-SAM-D11-Datasheet_09/2016 





Table 40-26. Accuracy Characteristics") 


























































































































Symbol Parameter Conditions 
Vpp = 1.6V +/-0.2 +/-0.5 +/-1.5 
Veer= Ext 1.0V 
Vpp = 3.6V +/-0.4 +/-0.6 +/-1.2 
Vpp = 1.6V +/-1.1 +/-1.3 +/-1.5 
DNL Differential non-linearity Veer= VopANa LSB 
Vpp = 3.6V +/-1.0 +/-1.1 +/-1.2 
Vpp = 1.6V +/-0.2 +/-0.6 +/-1.5 
Verer= INT1V 
Vpp = 3.6V +/-0.3 +/-0.6 +/-1.6 
Gain error Ext. Veer +/-1.5 +/-4.0 +/-10 mV 
Offset error Ext. Veer +/-1.0 +/-2 +/-6 mV 
Note: 1. All values measured using a conversion rate of 350ksps. 
A.9.6 Analog Comparator Characteristics 
Table 40-27. Electrical and Timing 
Symbol | Parameter Conditions Min. Typ. Max. Units 
Positive input voltage 0 , V 
range DDANA 
Vv 
Negative input voltage 0 7 V 
range DDANA 
Hysteresis = 0, Fast mode -15 0.0 15 
Offset 
Hysteresis = 0, Low power mode -25 0.0 25 
mV 
Hysteresis = 1, Fast mode 20 50 85 
Hysteresis 
Hysteresis = 1, Low power mode 15 40 75 
Changes for Vacm=Vppana/2 90 180 
100mV overdrive, Fast mode 
Propagation delay Changes for Vaoy=Vppana/2 ns 
100mV overdrive, Low power 282 520 
mode 
Enable to ready delay 
1 2.6 
Fast mode 
tstarTUP Startup time Us 
Enable to ready delay 
14 22 
Low power mode 
INL -1.4 0.75 1.4 
DNL”) -0.9 0.25 0.9 
VscaLe ANS LSB 
Offset Error (1?) -0.2 0.260 0.92 
Gain Error ‘'?) -0.89 0.215 0.89 
Notes: 1. According to the standard equation V(X)=V, 5g*(X+1); Visg=Vppana/64 
2. Data computed with the Best Fit method 
3. Data computed using histogram 
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A.9.7_ Bandgap Reference Characteristics 


Table 40-28. Bandgap (Internal 1.1V reference) characteristics 








Symbol Parameter Conditions 
Rave Internal 1.1V Bandgap | Over voltage and [-40°C, +105°C] | 1.08 lel 1.12 : 
reference | Over voltage at 25°C | 1.07 | 11 | 1.11 | 





A.9.8 Temperature Sensor Characteristics 


Temperature Sensor Characteristics 


Table 40-29. Temperature Sensor Characteristics") 









































Parameter Conditions 
Temperature sensor output Ss “) 
voltage T= 25°C, Vppana = 3.3V 0.688 Vv 
Temperature sensor slope 2.06 2.16 2.26 mvV/°C 
Variation over Vppana Voltage = Vppana=1.62V to 3.6V -0.4 1.4 3.0 mV/V 
Using the method described in 
Temperature Sensor “Software-based Refinement of 3 
5 -10 - 10 Cc 
accuracy the Actual Temperature” on 
page 953 
Note: 1. These values are based on characterization. These values are not covered by test limits in production. 


2 See also rev C errata concerning the temperature sensor. 


Software-based Refinement of the Actual Temperature 


The temperature sensor behavior is linear but it depends on several parameters such as the internal voltage 
reference which itself depends on the temperature. To take this into account, each device contains a Temperature 
Log row with data measured and written during the production tests. These calibration values should be read by 
software to infer the most accurate temperature readings possible. 


This Software Temperature Log row can be read at address 0x00806030. The Software Temperature Log row cannot 
be written. 


This section specifies the Temperature Log row content and explains how to refine the temperature sensor output 
using the values in the Temperature Log row. 


Temperature Log Row 


All values in this row were measured in the following conditions: 
© = Vppin = Vopio = Vopana = 3-3V 
e ADC Clock frequency = 1.0MHz 
e ADC sample rate: 125ksps 
e ADC sampling time: 57uUs 
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ADC mode: Free running mode, ADC averaging mode with 4 averaged samples 
Data computed on the average of 10 ADC conversions 

ADC voltage reference= 1.0V internal reference (INT1V) 

ADC input = temperature sensor 


Table 40-30. Temperature Log Row Content 























Bit Position Name Description 
07:00 ROOM_TEMP_VAL_INT Integer part of room temperature in °C 
11:08 ROOM_TEMP_VAL_DEC Decimal part of room temperature 
19:12 HOT_TEMP_VAL_INT Integer part of hot temperature in °C 
23:20 HOT_TEMP_VAL_DEC Decimal part of hot temperature 
sr2k00 ———-ROOMINTHY.VAL OE ee aegis 
gaa00 —HOT_INTIVLVAL seer ee enn ie 
51:40:00 ROOM_ADC_VAL 12bit ADC conversion at room temperature 
63:52:00 HOT_ADC_VAL 12bit ADC conversion at hot temperature 

















The temperature sensor values are logged during test production flow for Room and Hot insertions: 


ROOM_TEMP_VAL_INT and ROOM_TEMP_VAL_DEC contains the measured temperature at room 
insertion (e.g. for ROOM_TEMP_VAL_INT=25 and ROOM_TEMP_VAL_DEC=2, the measured 
temperature at room insertion is 25.2°C). 

HOT_TEMP_VAL_INT and HOT_TEMP_VAL_DEC contains the measured temperature at hot insertion 
(e.g. for HOT_TEMP_VAL_INT=83 and HOT_TEMP_VAL_DEC=3, the measured temperature at room 
insertion is 83.3°C). 


The temperature log row also contains the corresponding 12bit ADC conversions of both Room and Hot 
temperatures: 


ROOM_ADC_VAL contains the 12bit ADC value corresponding to (ROOM_TEMP_VAL_INT, 
ROOM_TEMP_VAL_DEC) 

HOT_ADC_VAL contains the 12bit ADC value corresponding to (HOT_TEMP_VAL_INT, 
HOT_TEMP_VAL_DEC) 


The temperature log row also contains the corresponding 1V internal reference of both Room and Hot temperatures: 


Atmel 


ROOM_INT1V_VAL is the 2’s complement of the internal 1V reference value corresponding to 
(ROOM_TEMP_VAL_INT, ROOM_TEMP_VAL_DEC) 

HOT_INT1V_VAL is the 2’s complement of the internal 1V reference value corresponding to 
(HOT_TEMP_VAL_INT, HOT_TEMP_VAL_DEC) 

ROOM_INT1V_VAL and HOT_INT1V_VAL values are centered around 1V with a 0.001V step. In other 
words, the range of values [0,127] corresponds to [1V, 0.873V] and the range of values [-1, -127] 
corresponds to [1.001V, 1.127V]. INT1V == 1 - (VAL/1000) is valid for both ranges. 
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Using Linear Interpolation 


For concise equations, we'll use the following notations: 

e (ROOM_TEMP_VAL_INT, ROOM_TEMP_VAL_DEC) is denoted tempp 
(HOT_TEMP_VAL_INT, HOT_TEMP_VAL_DEC) is denoted temp, 
ROOM_ADC_VAL is denoted ADCg, its conversion to Volt is denoted Vance 
HOT_ADC_VAL is denoted ADC,,, its conversion to Volt is denoted Vancy 
ROOM_INT1V_VAL is denoted INT1V, 

HOT_INT1V_VAL is denoted INT1V,, 


Using the (tempp, ADCR) and (temp,, ADC,) points, using a linear interpolation we have the following equation: 


(cave ance) = (Haven ABCA) 
temp —tempp temp j,—tempp 


Given a temperature sensor ADC conversion value ADC,,, we can infer a coarse value of the temperature temp, as: 
[Equation 1] 


1 INTIV, 
{(40¢, : ree) - (apc, : ar) (temp ,,— temp p) 


tempc = tempat 


Note 1: in the previous expression, we’ve added the conversion of the ADC register value to be expressed in V 
Note 2: this is a coarse value because we assume INT1V=1V for this ADC conversion. 


Using the (temppr, INT1Vp) and (tempy,, INT1V,,) points, using a linear interpolation we have the following equation: 


(— V—INT1 “) _ (— V,—INT1 “) 


temp —tempp temp ,—temp pr 


Then using the coarse temperature value, we can infer a closer to reality INT1V value during the ADC conversion as: 


UINT1V,,—INT1Vp) - (tempe- seme) 


INTIV,, = INTIV,+( 
(temp ;,— tempp) 


Back to /Equation 1], we replace INT1V=1V by INT1V = INT1V,,, we can then deduce a finer temperature value as: 


[Equation Ibis] 
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temp, = tempp ae 

















INT\V iz INTIVp 
(4004 MOY!) (apc, XE Ys) 
(2-1) (2-1) 
A.10 NVM Characteristics 
Table 40-31. Maximum Operating Frequency 
Vpp range NVM Wait States Maximum Operating Frequency Units 
0 14 
1 28 
1.62V to 2.7V 
2 42 
MHz 
3 48 
0 24 
2.7V to 3.63V 
1 48 




















Note that on this flash technology, a max number of 8 consecutive write is allowed per row. Once this number is 
reached, a row erase is mandatory. 


Table 40-32. Flash Endurance and Data Retention 











Symbol Parameter Conditions Min Typ. WED Units 
Retnvm2sk Retention after up to 25k Average ambient 55°C 10 50 - Years 
Retyyvm2.sk Retention after up to 2.5k Average ambient 55°C 20 100 - Years 

Retnvm100 Retention after up to 100 Average ambient 55°C 25 >100 - Years 
Cycre Cycling Endurance"? -40°C < Ta < 105°C 25k 150k - Cycles 





























Note 


: 1. Anendurance cycle is a write and an erase operation. 


Table 40-33. EEPROM Emulation“ Endurance and Data Retention 





Parameter 


loxeyale lite) ats 














Reteepromi00k | Retention after up to 100k | Average ambient 55°C - | Years 
Reteepromiok | Retention after up to 10k | Average ambient 55°C | 20 | 100 | - | Years 
Cee | Cycling Endurance?) | -40°C < Ta < 105°C 100k | 600k | ; | Cycles 





Notes: 1. The EEPROM emulation is a software emulation described in the App note AT03265. 
2. | Anendurance cycle is a write and an erase operation. 
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Table 40-34. NVM Characteristics 











Symbol Parameter Conditions 
tepp | Page programming time - | - | - | 2.5 | ms 
tere | Row erase time - | - - | 6 | ms 
DSU chip erase time 
'ece — (CHIP_ERASE) ‘ ; ° ca me 











A.11 Oscillators Characteristics 


A.11.1 Crystal Oscillator (KOSC) Characteristics 


Digital Clock Characteristics 


The following table describes the characteristics for the oscillator when a digital clock is applied on XIN. 


Table 40-35. Digital Clock Characteristics 


SH ta) ee) Parameter Conditions 





fopxin XIN clock frequency Digital mode = e | 32 | MHz 





Crystal Oscillator Characteristics 


The following table describes the characteristics for the oscillator when a crystal is connected between XIN and XOUT 
as shown in Figure 40-5. The user must choose a crystal oscillator where the crystal load capacitance C, is within the 
range given in the table. The exact value of C, can be found in the crystal datasheet. The capacitance of the external 
capacitors (C; -x7) can then be computed as follows: 


Crext ms 2(C, = Cgtray—Csuunt) 


where Corpay is the capacitance of the pins and PCB, Cgyynz is the shunt capacitance of the crystal. 


Table 40-36. Crystal Oscillator Characteristics 








Want ece)| Parameter Conditions 
four Crystal oscillator frequency 0.4 - | 32 | MHz 
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Table 40-36. Crystal Oscillator Characteristics (Continued) 































































































Wasi eye)| Parameter Conditions 
f = 0.455MHz, C, = 100pF 7 , 56K 
XOSC.GAIN = 0 i 
f = 2MHz, C, = 20pF . - A16 
XOSC.GAIN = 0 
f = 4MHz, C, = 20pF 243 
Crystal Equivalent Series XOSC.GAIN = 1 7 . 
ESR Resistance Q 
Safety Factor = 3 f = 8MHz, C, = 20pF : ‘ 138 
XOSC.GAIN = 2 
f = 16MHz, C, = 20pF a ' 66 
XOSC.GAIN = 3 
f = 32MHz, C, = 18pF 7 56 
XOSC.GAIN = 4 
Cyn Parasitic capacitor load - 6.5 - pF 
Cyout Parasitic capacitor load - 4.3 - pF 
f = 2MHz, C, = 20pF, AGC off 65 87 
f = 2MHz, C, = 20pF, AGC on 52 76 
f = 4MHz, C, = 20pF, AGC off 117 155 
f = 4MHz, C, = 20pF, AGC on 74 104 
f = 8MHz, C, = 20pF, AGC off 226 308 
lxosc Current Consumption yA 
f = 8MHz, C, = 20pF, AGC on 128 180 
f = 16MHz, C, = 20pF, AGC off 502 714 
f = 16MHz, C, = 20pF, AGC on 307 590 
f = 32MHz, C, = 18pF, AGC off 1622 2257 
f = 32MHz, C, = 18pF, AGC on 615 1280 
f = 2MHz, C, = 20pF, 
XOSC.GAIN = 0, ESR = 6002 as aa 
f = 4MHz, C, = 20pF, 
XOSC.GAIN = 1, ESR = 100Q Gen 12K 
: f = 8MHz, C, = 20pF, 
ispaRTUE Startup time XOSC.G AINE 5 an = 350 5550 13K cycles 
f = 16MHz, C, = 20pF, 
XOSC.GAIN = 3, ESR = 250 GSU aces 
f = 32MHz, C, = 18pF, 
XOSC.GAIN = 4, ESR = 400 Sor Fy eek 
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Figure 40-5. Oscillator Connection 





Crystal 








A.11.2 External 32kHz Crystal Oscillator (KOSC32K) Characteristics 


Digital Clock Characteristics 


The following table describes the characteristics for the oscillator when a digital clock is applied on XIN32 pin. 


Table 40-37. Digital Clock Characteristics 








Wi ta) ee) Parameter lovey aTeliitey at) 
fopxing2 XIN32 clock frequency Digital mode 5 32.768 = kHz 
| XIN32 clock duty cycle Digital mode | - | 50 - % 











Crystal Oscillator Characteristics 


Figure 40-5 and the equation in “Crystal Oscillator Characteristics” on page 957 also applies to the 32kHz oscillator 
connection. The user must choose a crystal oscillator where the crystal load capacitance C, is within the range given 
in the table. The exact value of C, can be found in the crystal datasheet. 
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Table 40-38. 32kHz Crystal Oscillator Characteristics 


















































Parameter Oey ate lid(oyar 
four Crystal oscillator frequency - 32768 Hz 
tstaRTUP Startup time ESRytay = 39.9kQ, C, = 12.5pF - 28K 30K cycles 
CL Crystal load capacitance - - 12.5 
Cgyunt Crystal shunt capacitance - 0.1 
pF 
Cyinge Parasitic capacitor load - 6.5 
SOIC20/14 packages 
Cyoutse Parasitic capacitor load - 4.3 
lxosc32k Current consumption = 1.22 2.2 HA 
Crystal equivalent series 
ESR resistance f=32.768kHz C,=12.5pF - - 100 kQ. 
Safety Factor = 3 





A.11.3 Digital Frequency Locked Loop (DFLL48M) Characteristics 


Table 40-39. DFLL48M Characteristics - Open Loop Mode") 


Parameter 


loxeyale li trey at 





Symbol 


four 


Output frequency 


DFLLVAL.COARSE = 
DFLL48M COARSE CAL 
DFLLVAL.FINE = 512 


47 


48 


49 


MHz 





IDFLL 


Power consumption on Vppin 


DFLLVAL.COARSE = 
DFLL48M COARSE CAL 
DFLLVAL.FINE = 512 


403 


453 


HA 





tstarTUP 








Startup time 


DFLLVAL.COARSE = 
DFLL48M COARSE CAL 
DFLLVAL.FINE = 512 

foyr within 90% of final value 

















Us 





Note: 
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4. DFLL48M in Open loop after calibration at room temperature. 
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Table 40-40. DFLL48M Characteristics - Close Loop Mode") 






































Parameter Conditions 
four Average Output frequency frer = 32.768kHz 47.76 48 48.24 MHz 
frer Reference frequency 0.732 32.768 33 kHz 
Jitter Cycle to Cycle jitter frer = 32.768kKHz = = 0.42 ns 
lpFLL Power consumption on Vopin frer = 32.768kHz = 403 453 yA 
frer = 32.768kHz 
DFLLVAL.COARSE = 
DFLL48M COARSE CAL 
: DFLLVAL.FINE = 512 
tock Emeline DFLLCTRL.BPLCKC = 1 200 Dey ue 
DFLLCTRL.QLDIS = 0 
DFLLCTRL.CCDIS = 1 
DFLLMUL.FSTEP = 10 





Note: 


1. Toinsure that the device stays within the maximum allowed clock frequency, any reference clock for DFLL in close loop must be within a 2% 


error accuracy. 


A.11.4 32.768kHz Internal oscillator (OSC32K) Characteristics 


Table 40-41. 32kHz RC Oscillator Characteristics 












































Hani ece)| Parameter Conditions 
Calibrated against a 32.768kHz 
reference at 25°C, over [-40, +105]°C, 30.3 32.768 34.4 
over [1.62, 3.63]V 
fout Output frequency Calibrated against a 32.768kHz kHz 
reference at 25°C, at Vpp=3.3V Bee eae8 ae 
Calibrated against a 32.768kHz 
reference at 25°C, over [1.62, 3.63]V ae eeuoe a 
losc32K Current consumption 0.67 EG yA 
tstarTUP Startup time 1 2 cycle 
Duty Duty Cycle 50 % 
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A.11.5 Ultra Low Power Internal 32kHz RC Oscillator (OQSCULP32K) Characteristics 


Table 40-42. Ultra Low Power Internal 32kHz RC Oscillator Characteristics 

































































Symbol Parameter Conditions Min. Typ. ED Units 
Calibrated against a 32.768kHz 
reference at 25°C, over [-40, +105]°C, 27.8 32.768 38.3 
over [1.62, 3.63]V 
Calibrated against a 32.768kHz 
fout Output frequency reference at 25°C, at V5p=3.3V 32.5 32.768 32.8 kHz 
Calibrated against a 32.768kHz 
reference at 25°C, over 31.9 32.768 33.1 
[1.62, 3.63]V 
Duty Duty Cycle 50 % 
A.11.6 Multi RC Oscillator (OSC8M) Characteristics 
Table 40-43. Multi RC Oscillator Characteristics 
Wt} exe) Parameter Conditions Min. Typ. WEDS Units 
Calibrated against a 8MHz reference 
at 25°C, over [-40, +105]°C, over 7.8 8 8.16 
[1.62, 3.63]V 
four Output frequency Calibrated against a 8MHz reference 7.94 8 8.06 MHz 
at 25°C, at Vpp=3.3V : ; 
Calibrated against a 8MHz reference 
at 25°C, over [1.62, 3.63]V 12 e Bite 
TempCo Freq vs. temperature drift -2.3 1.6 % 
SupplyCo | Freq vs supply drift -1 1 % 
IDLE2 on OSC32K versus IDLE2 on 
loscam Current consumption calibrated OSC8M enabled at 8MHz 64 96 yA 
(FRANGE=1, PRESC=0) 
tstarTUP Startup time 2.4 3.3 us 
Duty Duty cycle 50 % 





























A.11.7 Fractional Digital Phase Locked Loop (FDPLL96M) Characteristics 


Table 40-44. FDPLL96M Characteristics’) 






































Symbol Parameter Conditions Min. Typ. Ee Units 
fin Input frequency 32 - 2000 KHz 
four Output frequency 48 - 96 MHz 
fin= 32 kHz, foys= 48 MHz 400 733 
lFDPLLo6M Current consumption yA 
fin= 32 kHz, foyt= 96 MHz 650 1235 
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Parameter 


lexeyale li trey at) 


















































60 


fin= 32 KHZ, foyr= 48 MHz 1.5 2 
fin= 32 KHZ, foyr= 96 MHz 3.0 10 
Jp Period jitter % 
fin= 2 MHZ, foyr= 48 MHz 1.3 2 
fin= 2 MHZ, foyr= 96 MHz 3.0 i 
After startup, time to get lock 
signal. 1.3 2 ms 
tlock Lock Time fin= 32 KHZ, foyt= 96 MHz 
fin= 2 MHZ, foyr= 96 MHz 25 50 us 
Duty Duty cycle 40 50 60 % 
Note: ‘i All values have been characterized with FILTSEL[1/0] as default value. 
A.12 PTC Typical Characteristics 
Figure 40-6. Power consumption [VA]. 
1 sensor, Frequency mode = None, CPU Clk = 48MHz, PTC Clk = 4MHz, Vpp=3.3V 
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Figure 40-7. Power consumption [yA]. 
1 sensor, Frequency mode = HOP, CPU Clik = 48MHz, PTC Clk = 2MHz, Vpp=3.3V 


200 


180 


160 


140 








Ss =e 10ms 
2 
= 
@ 120 =e=50ms 
5 
= 100 == 100ms 
Le) 
g 
g 80 —— 200ms 
<x 
60 
ie ———— ee 
a SS ee 
) 
1 2 4 8 16 32 64 
Sample Averaging 
Figure 40-8. Power consumption [VA]. 
10 sensors, Frequency mode = None, CPU Clk = 48MHz, PTC Clk = 4MHz, Vpp=3.3V 
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Figure 40-9. Power consumption [yA]. 
10 sensors, Frequency mode = HOP, CPU Clk = 48MHz, PTC Clk = 2MHz, Vpp=3.3V 
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Figure 40-10.Power consumption [pA]. 
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50 sensors, Frequency mode = None, CPU Clk = 48MHz, PTC Clk = 4MHz, Vpp=3.3V 
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Figure 40-11.Power consumption [VA]. 
50 sensors, Frequency mode = HOP, CPU Clk = 48MHz, PTC Clk = 2MHz, Vpp=3.3V 
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Figure 40-12.CPU utilization. 
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A.13 USB Characteristics 


The USB on-chip buffers comply with the Universal Serial Bus (USB) v2.0 standard. All AC parameters related to 
these buffers can be found within the USB 2.0 electrical specifications. 


The USB interface is USB-IF certified: 
- TID 40001664 - Peripheral Silicon > Low/Full Speed > Silicon Building Blocks 
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Electrical configuration required to be USB compliance: 


- The CPU frequency must be higher 8MHz when USB is active (No constraint for USB suspend mode) 
- The operating voltages must be 3.3V (Min. 3.0V, Max. 3.6V). 
- The GCLK_USB frequency accuracy source must be less than: 

- In USB device mode, 48MHz +/-0.25% 


Table 40-45. 


GCLK_USB Clock Setup Recommendations 


(04 FoYo 1-110) 0) UES) = BY= WV (er) 



































Open loop No 
Closed loop, any internal OSC source No 
DFLL48M 
Closed loop, any external XOSC source Yes 
Closed loop, USB SOF source (USB recovery mode)\") Yes?) 
Any internal OSC source (32K, 8M, ... ) No 
FDPLL96M Any external XOSC source (< 1MHz) Yes 
Any external XOSC source (> 1MHz) Yes’) 
Notes: 1. When using DFLL48M in USB recovery mode, the Fine Step value must be Ah to guarantee a USB clock 
at +/-0.25% before 11ms after a resume. 
2. Very high signal quality and crystal less. It is the best setup for USB Device mode. 
3. FDPLL lock time is short when the clock frequency source is high (> 1MHz). Thus, FDPLL and external 


Atmel 


OSC can be stopped during USB suspend mode to reduce consumption and guarantee a USB wakeup 
time (See TDRSMDN in USB specification). 
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A.14 Timing Characteristics 


A.14.1 External Reset 


Table 40-46. External reset characteristics 


SWVitaleye)| Parameter oxeyaTolia(eya 





text Minimum reset pulse width | 10 | & z | ns | 





A.14.2, SERCOM in SPI Mode Timing 


Figure 40-13.SPI timing requirements in master mode 
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Figure 40-14.SPI timing requirements in slave mode 
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Table 40-47. SPI timing characteristics and requirements”) 




























































































Parameter Oey ate lidfoyar 
tscx SCK period Master 84 
tscxw SCK high/low width Master - 0.5*tscx 
tscxr | SCK rise time?) Master - - 
tscxe  SCK fall time’? Master - - 
tus MISO setup to SCK Master - 21 
ty MISO hold after SCK Master - 13 
tuos MOSI setup SCK Master - tscK/2 - 3 
tmou MOSI hold after SCK Master - 3 
tsscx Slave SCK Period Slave T*toLk APB - 
tsscxw  SCK high/low width Slave 0.5*tggcx = 
tsscxe  SCK rise time’? Slave - - 7 
tsscxr | SCK fall time? Slave - - 
tgs MOSI setup to SCK Slave tsscx/2 - 9 - 
tsi MOSI hold after SCK Slave tsscx/2 - 3 - 
= PRELOADEN=1 AT ; 
tssg SS setup to SCK Slave SOS 
PRELOADEN=0 _tgog+7 - 
tssu SS hold after SCK Slave toy - 4 - 
tsos MISO setup SCK Slave - tgscx/2 - 18 
tsou MISO hold after SCK Slave - 18 
tsoss MISO setup after SS low Slave - 18 
tsosy MISO hold after SS high Slave - 10 
Notes: 1. These values are based on simulation. These values are not covered by test limits in production. 


2: See “I/O Pin Characteristics” on page 867 


A.14.3_ SERCOM in I?C Mode Timing 


Table 35-51 describes the requirements for devices connected to the I?C Interface Bus. Timing symbols refer to 


Figure 35-16. 
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Figure 40-15. I?C Interface Bus Timing 


Table 40-48. IC Interface Timing") 
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Symbol Parameter fey aTeli ite) ary 
Standard /Fastmode  C,”) = 400pF - 230 350 
ie Dal sie LAE) MA cle Fast mode + C2) = 550pF : 60 100 
High speed mode C, = 100pF e 30 60 
Standard /Fastmode 10pF < C,°) < 400pF = 25 50 
ee vier Soe Fast mode + 40pF < C2) < 550pF : 20 30 
High speed mode 10pF < C,”) < 100pF = 10 20 
typ;sTA pao i al fgc, > 100kHz, Master — t_oy9 - - 
tlow Low period of SCL Clock fgg, > 100kHz 113 - - - 
or aeetanressanees oa? 100 oy 
tup-pat Data hold time fgc, > 100kHz, Master 9 S 12 
tsu:pat Data setup time fgc. > 100kHz, Master 104 = = 
tsu:sto Setup time for STOP condition fgcp > 100kHz, Master — tLowt 9 = a 
tsu:parrx Data setup time (receive mode) fgc_ > 100kHz, Slave 51 - 56 
tup.partx | Data hold time (send mode) fgc, > 100kHz, Slave 71 90 138 
Notes: 1. These values are based on simulation. These values are not covered by test limits in production. 
2. Cb = Capacitive load on each bus line. Otherwise noted, value of C, set to 20pF. 
3. These values are based on characterization. These values are not covered by test limits in production. 
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